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PLANS OF THE PETROLEUM DIVISION FOR 1940-1941 


It is becoming continually more difficult for engineers engaged in the 
production of oil and gas to keep up with the rapidly advancing tech- 
nology in this field. The Institute’s Petroleum Division has, in a large 
measure, the responsibility of providing facilities through which its 
membership can keep informed on important technical developments. 
The publications of the Division are the most important of these facil- 
ities, inasmuch as they furnish to each member a record of technical 
progress for study and reference. For several years the number of 
papers submitted to the Division’s Papers and Programs Committee has 
been continually increasing, and as a consequence the standards of the 
technical publications have been raised materially. Even so, the volume 
of acceptable papers considered by the Division is increasing at such a 
rate that soon the facilities for publication will be taxed to the limit, 
and plans must soon be made for more frequent issue of the Division’s 
publications. Of course, a more ambitious program of publication can- 
not be put into effect immediately and should not be put into effect 
until the interests of the membership demand it; but it behooves the 
Division and its officers to take a long range view of the problem, and to 
establish and follow a fundamentally sound policy. In maintaining such 
a continuity of the Division’s activities from year to year, the work of the 
Institute’s Assistant Secretary assigned to the Petroleum Division has 
been most helpful. 

Early in 1940, the East Texas Section was authorized by the Board 
of Directors of the Institute. Inasmuch as the primary interest of the 
members of this locality is in petroleum, the East Texas Section is 
expected to contribute substantially to the activity of the Petroleum 
Division. 

Preparations are being made for technical programs of the Petroleum 
Division meetings, which will be held October 17-18 in Los Angeles, 
October 24-26 in Tulsa, and in New York at the time of the Institute’s 
Annual meeting in February 1941. 
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Chapter I. Production Engineering 


A Résumé of the Application of Gravel Packing to Oil Wells 
in California 


By W. A. CuarK* 
(San Antonio Meeting, October 1938) 


THE production of sand in an oil well increases operating costs because 
of abnormal wear in subsurface equipment, the necessity for frequent 
cleanouts, and the need for a means of disposing of the sand. Moreover, 
removal of sand from the zone can bring about the creation of cavities 
_ from which bodies of formation, sand or shale, may slough into the hole, 
endangering the shutoff, impeding production or collapsing the liner. 
The procedure known as gravel packing is attracting attention as a means 
of controlling these factors and contributing to the productive life of a 
well. That gravel packing is now substantially beyond the preliminary 
stage on the Pacific Coast is reflected in the 191,000 bbl. of oil produced 
monthly by the 66 gravel-packed wells in 11 different producing sectors. 


REASONS FOR GRAVEL PACKING 


Gravel packing, if properly carried out, can be expected to provide 
the following benefits: 

1. Prevent the movement of sand and thus eliminate sand production 
and sand fills, and prevent the formation of cavities. 

2. Provide a practical, relatively inexpensive, large-diameter hole, 
which will provide well-known theoretical advantages. 

3. Support the walls of the hole by completely filling the space 
between the liner and the formation, regardless of its irregularities, and 
afford a support for liners. 

4. Provide for more efficient pumping operations in wells by: (a) 
possibly utilizing the gravel as a gas trap in pumping gaseous fluids, (6) 
allowing deep submergence of the pump into the oil zone. 

In a conventional well—that is, where the liner is set in an open hole—- 
even though perforation sizes are chosen according to known rules based 
on analysis of sand grains from samples from the zone, there is likely to 
be some production of sand. This may be due to the miscalculation of 


Manuscript received at the office of the Institute Aug. 30, 1938. Revised Feb. 
23, 1939. Issued as T.P. 1079 in Perroteum Trecuno.oey, August 1939. 
* Petroleum Engineer, The Texas Company (Calif.), Fellows, California. 
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16 GRAVEL PACKING OF OIL WELLS IN CALIFORNIA 


the slot size, or to the irregular shapes of the sand grains. Also, abrasion 
by fine sand during initial flow can enlarge the slots and destroy the 
function of the size used. Moreover, there is some reluctance on the 
part of many operators to set perforated pipe containing slot sizes based 
on sand-grain size in low-gravity oil zones. This is particularly true 
if the sand is fine-grained, because of the belief that oil production would 
be impaired. 


Meruops oF INSTALLING GRAVEL PACK 


It is at once apparent that several factors that are not applicable in 
completing wells in the conventional fashion must be taken into considera- 
tion, among them being: (1) size of hole to be used (that is, what thickness 
of gravel sheath is desirable); (2) size of gravel; (3) choice of circulating 
fluid and its effect within the sheath, and what means will be necessary to 
remove it; (4) the type and size of liner and perforations therein; and (5) 
the best means of installing the gravel in the annular space between the 
liner and the hole. 

At first liners were packed in a 20-in. hole, but later the diameter was 
reduced to 15 in. without loss of effective sand screening. Liner diam- 
eters were either 5 or 65¢ in., depending upon well capacity. 

At the outset there was no scientific choice of gravel diameters. 
Several months after the initial use of the operation, calculations by 
K. L. Davis! and experiments by C. J. Coberly and E. M. Wagner? 
brought out the fact that to impose sand bridging upon gravel interstices 
the gravel size should be equal in diameter to 12 or 13 times the size of 
the sand grains at the 10 per cent point on the cumulative grading curve 
of the sand to be produced. After this rule was established, gravels were 
chosen on this basis, and resulted in a general reduction in gravel diam- 
eters from 14 to 5¢ in. to as small as 149 to L¢ inch. 

Investigation of circulating fluids with which to place the gravel has 
disclosed the fact that the properties of a 4 per cent mixture of bentonite 
and water, compared to native muds, will minimize adherence to the 
gravel and lay down a thin mud cake that is practically impervious to 
fluid loss but that will easily slough or wash off when flow is reversed. 
Where a bentonite fluid has not been available, many wells have been 
successfully packed by using various native muds thinned to a 
low viscosity. 

Liners used in the first gravel-packed wells were flush-jointed, but 
very soon collared pipe came into use. Liners in these later wells were 


1E. L. Davis: Assistant Chief Petroleum Engineer, The Texas Company 
(California). 
°C. J. Coberly and E. M. Wagner: Some Considerations in the Selection and 


Installation of Gravel Pack in Oil Wells. A.I.M.E. Tech. Pub. 960 (Petr. Tech. 
Aug. 1938). 
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generally centered in the hole by means of spring guides, so that they 
would be surrounded by a sheath of gravel of uniform thickness. 

 Perforations in the liner are chosen on the basis of previous field 
practice and on the basis of the diameter of the gravels to be used. That 
is, the perforations are only sufficiently narrow to retain the individual 
pebbles. Slots thus chosen are satisfactory, provided the liner is centered 
in the hole and surrounded by a gravel sheath of uniform thickness. 

Several methods of installing the liner and gravel have been applied: 

1. A liner containing a suitable conduit formed by blanking the 
perforations with cement, or by means of a wash pipe, is hung at the 
bottom of the hole. The suspending string is packed off at the surface. 
Gravel is then alternately dribbled or pumped into the annular space 
between the casing and the suspending string and washed down the hole 
by reversed circulation. 

2. The gravel is placed, or dumped, into the open hole, filling it to 
the shoe of the primary casing. The perforated casing is washed, jetted 
_ or otherwise forced through the gravel to the bottom of the hole. 

3. The gravel is placed in the open hole and the well is produced 
through the gravel alone without the use of a perforated string. 

4. The liner with a basket at its bottom end is hung above the shoe 
of the primary casing. The annular space between the casing and the 
liner is filled with an amount of gravel calculated to fill the zone, and 
the liner and gravel are lowered to bottom. 

Several other methods of gravel packing have been proposed, which 
appear to be theoretically possible, but they are believed to be less 
practical than the methods described above, which have been demon- 
strated to be feasible, by actual test. 

The method first mentioned is used most frequently. This method 
is greatly facilitated by the use of a pressure mixing device such as is pro- 
_ vided by the machine known as the Layne Graveler. In this apparatus 
the gravel is mixed directly with the circulating fluid and pumped 
continuously into the well. 

Of the other methods that have been tried, the one in which the liner 
is jetted through the gravel has been successfully accomplished several 
times. With this procedure, a shoe formed in the shape of a jet is 
attached to the bottom of the liner. 

The method of lowering the gravel and liner together to the bottom 
of the hole was successfully carried out in one well where a small volume 
of gravel was used. It was difficult to get the liner and gravel to fall 
at all, because of the frictional drag of the gravel through the collars in 
the primary string, until a sufficient amount of drill pipe had been added 
to provide enough weight to overcome the resistance encountered. 

The production of oil through a hole filled with gravel without the 
use of a perforated string was attempted once in the San Joaquin Valley 
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and once in the Coastal area, but was unsatisfactory in both tests. 
Obviously, this gravel-packing method would be applicable only in wells 
of high formation pressure and probably would not succeed then unless 
the gravel were held in place. 

Gravel packing adds to the normal cost of drilling. Extra drilling 
costs due to gravel packing are compared in Table 1, which shows average 
extra costs for several wells in different fields. 


TaBLE 1.—Average Additional Cost per Well of Gravel Packing 
(Time cost used is taken at the rate of $350 per day) 


Average Average Extra | Total | Estimated Total 
Field Depth, | Thickness | Drilling] Time Material | Extra Cost 

Ft. of Zone, Ft.| Days Cost Cost per Well 

IM oun ty OSO weenie erates 1,250 30 2 |$ 700} $ 350 $1,050 
MaTICOP 8 ae pertta 3 eves helenae 3,000 120 2 700 1,300 2,000 
Kern HTOnt: 2. .c.. oc sehen 2,100 300 2 700 1,450 2,150 
Wilming fone...) eee arenes OOO 400 5 1,750 1,500 3,250 
9 3,150 1,500 4,650 


Huntington Beach?......... 3,800 150 


2 These were the first gravel-packed wells in the Los Angeles Basin. The high 
cost shown is attributed to necessary experimental work. 


EXTENT OF INSTALLATION 


During the past 15 months, over 65 wells have been completed with 
gravel-packed liners in the state of California. Of these, the operation 
was applied to 32 in the San Joaquin Valley, 30 in the Los Angeles Basin, 
and 4 in the Coastal area. The amount of zone that has been packed 
ranges from 25 to 666 ft. at depths from 1100 to 6700 ft. The gravity of 
oil produced ranges from 13.5° to 25° A.P.I. gravity. The procedure 
has been applied to low-pressure zones containing from as little as 250 ft. 
of fluid, up to and including flowing wells. A summary of the number of 
wells that have been gravel-packed in the various fields in California is 
given in Table 2. | 


TaBLE 2.—Extent of Application of Gravel Packing to California Wells 


. Sand Fineness 
Thickness z 
Average Cumula-| Diameter : 
of Produc-| tive 10 Per Cent | of Gravel, ore ues = 
’ | Point on Grading In. Bhi. 


Packed Curve, In. 


Kern Front area...... 2050-2813] 80-340 0.06 4% 13.5°-13.9° 


8 

AGORG ERGs sm orrars Vir et 6 1100-1250 15-120 0.008 4% 13.9°-14, 2° 
Midway-Maricopa.... 13 2900-3270; 40-130 0.045-0.025 34 22.0°-23.0° 
Mount Poso......... 2 1250 30 0.02 Bay 16.5°-17.0° 
Wilmington.......... 24 2905-3647| 220-666 0.0136 Yo 14.3°-18,4° 
MCOTTANCO vias eset els Lee 2 3628) 400 14.2° 
Heatinaton, Mack ree 4 3620-4030 80-225 0.026 21,0°-25.0° 
Miscellaneous......... 7 3000-6662} 20-200 
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EFrEecT oF GRAVEL PACKING ON PRODUCTION 


Based on a study of data relative to completions and subsequent 
production, it has been found that current production rates from pumping 
wells that are gravel-packed equal, and occasionally exceed, in volume 
the usual type of well. The desirability of gravel-packing flowing wells 
is disputed by some because of small potential rates that have been 
recorded in a few wells at Wilmington. However, this lower rate could 
be explained by variations in the productivity of the zone. 

Cumulative production from gravel-packing wells is, as a general 
rule, greater than that from conventional types over the same production 
period. This is caused by deferred or lost production in the latter wells 
due to downtime for pulling and bailing. 


EFFECT OF GRAVEL PACKING ON SAND PRODUCTION 


It has been found in several fields, even in those containing low fluid 
- levels, that the initial bailing time prior to the production of graveled 
wells amounts to only 20 per cent of the time required to bail all the loose 
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Fic. 1.—PUMP-REPAIR COSTS. 


Cumulative pump-repair costs, 
average per well in dollars by months 


sand from the conventional well. Bailing necessary after completion 
and during the production life of graveled wells appear to require no 
more than 40 per cent and as little as 5 per cent of the time required 
to bail conventional wells. 

Using lead-line cuts for comparison between conventional and gravel- 
packed wells, it appeared that less sand was produced with the oil in the 
gravel-packed well than in the conventional well. This was particularly 
evident in wells that had a size of gravel correctly chosen to conform 
with the size of sand grain. In the latter wells the only sediment pro- 
duced consisted not of sand but of silt, to the extent of less than 1 per cent. 
Since lead-line cuts are taken irregularly in periods of a day or a week 
apart, they are unsatisfactory for comparative purposes. A more 
accurate method of comparing sand production is the measurement of 
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the sand produced. At Lost Hills, for example, an area of very fine, 
running sand, a gravel-packed well was completed with a production of 
67 bbl. per day of oil and 47 bbl. per day of sand. The sand production 
declined in 15 days to 3 bbl. per day and in 30 days to 0.5 bbl. per day. 
An offset well conventionally completed with a comparable fluid rate 
produced sand for over a month in volumes as high as 100 bbl. per day. 
Since pump wear is proportional to the amount of sand produced, 
comparison of costs of pump replacements should give a fairly accurate 
picture of the efficiency of gravel toward retaining sand. Figs. 1 and 2 
show curves of cumulative pump-repair costs expended on two types of 
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Fic. 2.— PuMP-REPAIR COSTS. 


wells on two producing properties. Fig. 1 shows that in a 10-month 
period the pump-repair cost for the average conventional well was $63, 
whereas that of the average gravel-packed well was but $15. Fig. 2 
shows that in nine months the lowest-cost group of gravel-packed wells 
on another property averaged $130 per well as against another gravel- 
packed group (which had production rates more comparable with those 
of the conventional wells), which averaged $295 per well. These are 
compared with the average well-pump cost of a group of conventional 
wells that amounted to $1100 per well. 

A third means of comparing sand production is to compare mainte- 
nance costs due to pulling and bailing. Fig. 3 shows comparative curves 
of cumulative downtime due to these causes on a property in the San 
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Joaquin Valley. Assuming that the labor cost of pulling and bailing 
will in general be proportionate to the downtime due to those causes, 
it can be seen from Fig. 3 that the maintenance cost of gravel-packed 
wells on this property is but 26.5 per cent of that of conventional wells. 
This calculation does not include any savings on equipment replacement. 

Another example of comparative maintenance costs can be made in 
the Wilmington field. The offset wells to a group of gravel-packed wells, 
all pumping, had an average cost due to pulling and bailing of $4800 per 
well during a productive period of 202 days following completion. 
During a similar average productive period, the graveled wells averaged 
a maintenance cost of but $550 per well. 


200 


Ra fio = Gravel pack downtime — | | | 
Conventional downtime} | | | | 
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Fic. 3.—CoMPARATIVE DOWNTIME CURVES. 


In neither of the two examples given above was there included in the 
costs the value of production deferred or lost during the period of down- 
time. This item is important in areas of competitive production, in 
fields of receding fluid levels, or in marginal properties in the path of 
encroaching edge waters. 


CoNCLUSIONS 


1. Gravel packing should be given consideration wherever oil wells. 
are drilled in areas containing zones of unconsolidated or moving sands. 
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2. The mechanics of installing a gravel sheath around a liner in the 
bottom of a well are feasible and practical. It is relatively inexpensive, 
the extra cost being as a rule not more than 10 per cent of the total cost 
of drilling the well. 

3. Field results have proved that current production rates of gravel- 
packed wells are more sustained than those of wells conventionally com- 
pleted, except in a few instances as noted. Reduction of downtime 
caused by sanding conditions results in a cumulative production that 
favors the former type. 

4, Indicated reduction in sand production will result in lessened 
maintenance and equipment replacement costs. Savings thus effected 
will pay for the extra cost of the gravel pack within a period of one to 
three years, and yield a considerable profit thereafter. This does not 
take into account possible intangible savings that may result from the 
prevention of collapsed oil strings. 
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DISCUSSION 
(EZ. P. Hayes presiding) 


J. E. Ecxgt,* Houston, Tex.—Have you had any experience in placing gravel with 
acid-soluble mud as the carrying medium? What is your opinion of the feasibility 
of this method? 


W. A. Cuarx.—In the last five or six wells gravel-packed, the fluid with which 
the gravel was placed contained 2 to 3 per cent ground calcium carbonate. Three 
of these wells were treated with acid after the gravel was placed and prior to produc- 


tion. We are not prepared to report comparative results because of the few wells — 


treated. There is no difficulty in using this addition to the operation except that one 
liner was inadvertently withdrawn from the hole owing to the sticking of a swab while 
the well was being washed after the acid was placed. 


J. E. Ecxen.—Does the degree of fineness of the gravel have any effect on the 
removal of bentonitic mud? 


W. A. Cuark.—Reported results of subsequent production from wells in the 
Wilmington field where gravel of 1/9 to 1 in. was used indicate that mud fluid remains 
in a pack of very fine gravel. 


J. E. Ecxen.—Is there any reason why gravel packing would not be successful 
in extremely high-gravity wells? 


* Humble Oil and Refining Co 
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W. A. Cuarx.—TI see no reason. On the contrary, gravel packing should be 
more feasible with high-gravity oil because the gravel should be more easily cleaned 
of mud. In California most of the high-gravity fields contain firm or hard formations, 
which eliminate the necessity for gravel packing. 


J. E. Ecxeu.—In the wells you mentioned, which were graveled by rotating the 
liner into gravel, was it difficult to keep the liner centered in the gravel pack? 


W. A. CuarK.—We have no means of knowing whether or not the liner was cen- 
tered in the gravel after the operation was completed. In one case, at least, we are 
certain it was not, because the well subsequently produced considerable sand; the slot 
size was large, 140 mesh, and had not been selected in relation to the effective grain 
size of the sand. 


E. M. Waennr,* Huntington Park, Calif—The results cited by Mr. Clark show 
that gravel packing can be used successfully to control sand production in areas where 
formation is loose or poorly consolidated. 

One important point is the selection of the diameter of liner to be used in the gravel 
pack. In many wells pumping cannot be efficiently carried on because the liner is too 

_ small in relation to the oil and gas production to permit running gas anchors and pumps 
of optimum size. As a consequence, the production desired often cannot be obtained. 
Tests have shown that an inch thickness of gravel, of the proper size in relation to the 
effective grain diameter of the formation, is ample to completely retain the producing 
sand. With these facts in mind, ordinarily it would seem best to set the largest liner 
that can be run through the water string, under-reaming the hole in the producing 
zone so that a practical depth of gravel, say a minimum of 3 in. on a side, can be placed 

‘around the liner. Occasionally, this practice might result in a liner of excessive size. 
In such a case, the selection of the liner size could be based on the gas anchor and pump 
that are to be used. 

Some methods of placing gravel limit the liner size to something less than the 
largest size that can be run through the water string. This may result in a serious 
limitation on pumping efficiency. Methods of placing gravel that do not have such a 
limitation on liner size will therefore probably result in better pumping wells. 

_ The opinion is stated that irregularity of grain shape is a factor contributing to 
sand production in slotted and screen casing. On the contrary, this is a factor con- 
tributing to the stability of the sand bridge formed, as shown by tests with steel balls 
and sand grains of approximately the same size.* The most probable reason for 
sand production through slotted or screen casing is that the mesh is too great for the 
particular sand in question. In such a case, there is danger of sand cutting, which 
would make conditions progressively worse. 

It is presumed that the gravel-packed wells that produced sand in considerable 
quantity, assuming that the gravel envelope was completely formed, were some of 
the earlier wells, which were packed with large gravel not selected in relation to the 
effective grain size of the formation sand. Where gravel of the proper size is used, 
and the envelope is complete, sand production should be very low. After the initial 
bailing, when the well is first put on production, bailing should practically never be 
necessary. Small amounts of fines, such as silt, may be continuously produced, as 


pointed out by Mr. Clark. 


* Kobe, Inc. 
3C. J. Coberly: Selection of Screen Openings for Unconsolidated Sands. Amer. 


Petr. Inst., Drill. and Prod. Practice (1937) 189-201. 
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Mr. Clark shows that cement and shale cuttings that are washed against the slots 
during placing of the gravel tend to plug the slots in the liner. Possibly less trouble 
from this source might be experienced if the gravel were placed from the lower end of 
the liner through a wash tube, circulation being in the usual direction. Practical 
difficulties of carrying on such a method of placement might offset any advantages 
to be gained. As far as is known by the writer, no gravel packing has been done in 
this manner, although it has been suggested. 


Multistage Stabilization of Crude 


By H. 8S. Grson* 
(New York Meeting, February 1939) 


A process that has come to be known locally as “multistage stabiliza- 
tion” has been developed in the Haft Kel field of the Anglo-Iranian Oil 
Co. in southwest Ivan, for the recovery of casinghead gasoline. It con- 
sists in releasing the dissolved gases from the crude by stages, a practice 
common in many fields, but which, so far as is known, has nowhere been 
carried to the extent to which it is employed in Iran. It has been in use 
there for nearly nine years, during which time some 200 million barrels of 
_ crude have been handled by the process. This process of gasoline 
retention consists in preventing the greater part of the casinghead gasoline 
hydrocarbons (the butanes and pentanes) from ever leaving the crude, 
instead of allowing them to be vaporized and then recovered from the 
lighter gases by the usual compression or absorption processes. Its 
efficiency is fully equal to that obtained by the absorption process; its 
disadvantage is that it increases the quantities of ethane and propane in 
the crude sent to the refinery, but with the growing demand for propane 
this drawback is vanishing. 

When casinghead gasoline is recovered as a separate liquid in the 
Iranian fields, it is blended with the crude, as the only outlet is through 
the refinery, and the crude-oil pipe line offers the cheapest means of 
transportation. It is under these conditions that the retention of the 
butanes and pentanes in the crude by multistage stabilization is a most 
attractive process, possessing as it does the following advantages: (1) 
extreme simplicity, (2) low first cost, (8) easy installation, (4) practically 
100 per cent operating-time efficiency, (5) no operators required, (6) no 
water or other services required, (7) negligible maintenance, (8) once 
established, very little routine testing is necessary. 

The one essential for reasonably efficient multistage stabilization is 
that the flowing pressures of the wells should be relatively high; i.e., they — 
should not be less than about one-third the saturation pressure of the 
crude in the reservoir. This is a very general statement, of course, and 
much depends on the type of crude and its temperature. 


Manuscript received at the office of the Institute Feb. 10, 1939. Issued as T.P. 
1085 in PerroLeum Trecuno.oey, August 1939. 
* Anglo-Iranian Oil Co. Ltd., London, England. 
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Multistage stabilization is so named because the gas is separated 
from the oil in a number of stages, in each of which the oil and gas are 
in equilibrium. 

The first experiments were made in 1929; they culminated in Novem- 
ber of that year in the construction of a pilot plant with a capacity of 
300 bbl. of crude per hour. The first full-scale plant, of 40,000 bbl. per 
day capacity, was completed and put into operation in March 1930. No 
gas analyses were then available, and there was no information regarding 
the behavior of gases in solution in crude at the higher pressures. The 
original operating pressures and the number of stages of separation were 
estimated on the basis of the simple gas laws. These indicated that six 
stages operating between a flowhead pressure of 500 lb. and a final pres- 
sure of 10 lb. per sq. in. gauge would give a good efficiency of gasoline 
retention, and that the operating pressures should be such that equal 
volumes of gas, measured at their respective pressures of separation, 
should be removed from each stage. / 

The value of 10 lb. per sq. in. at 80° F. (this temperature is taken as 
the standard in southwest Iran, as it is approximately the average work- 
ing temperature) was chosen as the final pressure, on the basis that if the 
whole of the casinghead gasoline could be recovered from the Haft Kel 
single-flash flow-tank gas by the 250-lb. compression process it would, 
when added to the crude, give the latter a vapor pressure of approxi- 
mately that amount. ‘‘Ten-pound crude” is now a standard product 
delivered to the Abadan refinery. 

When the Podbielniak apparatus for the low-temperature fractionation 
of gases became available, the process was examined in detail, and it was 
found, of course, that at the higher pressures there is a considerable 
deviation from Raoult’s law. This did not affect the operation of the 
process at Haft Kel very much, however, because the first-stage pressure 
is more or less decided by the flowing pressures of the wells. 

With the information thus obtained an attempt was made to develop 


a method by which the optimum pressures of separation for the retention . 


of butanes and pentanes in crude could be calculated, but it was con- 
cluded that a general solution would depend upon far too many variables 
to be sufficiently accurate, and that the most satisfactory procedure 
would be to determine the pressures for each field by trial and error. The 
method employed at Haft Kel is to obtain the K values for that particular 
crude over the limited pressure and temperature ranges required, and 
from these calculate the pressures that fulfil the required conditions. 

So far the multistage stabilization process has been used only at Haft 
Kel, therefore this paper deals with it only in connection with that field, 
but tests have shown that it will be equally suitable for the new field of 
Gach Saran, and a unit with a capacity of 150,000 bbl. per day is now 
being installed there. 
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OPERATING CoNDITIONS AND Resuutts av Harr Kr, 


The effect of separating gas from crude by stages is now well known 
and needs no description. It can be shown by simple calculation that the 
maximum efficiency of retention of one of the heavier gases is obtained 
when the amount of that gas removed in each stage is a constant propor- 
tion of that available in the stage. It is on this basic condition of the 
process that the operating pressures at Haft Kel have been determined. 

If the gases obeyed the simple gas laws, each gas present would 
require the same pressures for maximum retention, but, as their solubility 
coefficients (Bunsen’s coefficients) are different functions of total pressure, 
each component demands a different series of pressures for its maximum 
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Fic. 1.—PERCENTAGE RETENTION OF TOTAL NORMAL BUTANE PLOTTED AGAINST 
NUMBER OF STAGES EMPLOYED. 

retention. Fortunately, the differences between the butanes and pen- 

tanes are not great and their effects are not measurable in the final 

result. For the control of the process at Haft Kel normal butane is used 

as the standard of reference. 


Number of Stages of Separation 


This is in many ways the most important question in multistage 
stabilization. In Fig. 1 a curve is given showing the percentage of the 
total normal butane retained at 80° F. and a final pressure of 10 lb. per 
sq. in. gauge plotted against number of stages employed. This curve 
has been obtained by calculation in order to obtain smooth uniform 
values, and it is in general agreement with experience up to six stages. 
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As mentioned earlier, six stages are employed to a final pressure of 
10 lb. per sq. in. gauge, although from this curve it is clear that four stages 
would give good results and that the improvement between five and six 
is very small. The reason for six stages is that it allows for considerable 
variation in the operating pressures without measurable effect on the 
final results. There is no difficulty in the determination of the correct 
pressures to within sufficiently close limits, or of their application, but very 
considerable deviations from the optimum take place as a result of 
temperature variations. 

If the pressures of some of the separators deviate appreciably from 
the optimum, the chain of separators can be imagined to consist of two 
portions, one in which the pressure interval is narrowed (i.e., has more 
stages), and the other in which the intervals are increased (which is 
equivalent to reducing the number of stages). With a total of five 
stages, we can imagine that we are then really working with the average 
of four and six, and the slope down to four is distinctly steeper than that 
up to six. With six stages, on the other hand, the slopes on either side 
are almost equal, with the result that the operating pressures can be 
changed appreciably from their correct values without unduly affecting 
the results. 


Operating Pressures 


With full freedom of selection, the first stage of separation at Haft Kel 
would be carried out in the region of 750 Ib. per sq. in. Although a few 
of the wells approach this, the flowing pressures of the majority lie 
between 500 and 600-lb. gauge, at a constant temperature of 105° F. 
The first stage of separation is therefore carried out in separators sited 
as closely as possible to the wellheads in order to obtain the highest 
possible pressure. The use of six stages helps to counterbalance the loss 
of efficiency that results from the lower first-stage pressures. 

Although the question does not arise at Haft Kel, it may be necessary 
in high-pressure fields to take into consideration the reversals of the K 
values of the butanes and pentanes which occur between approximately 
700 and 1000 lb. per sq. in. In such cases there is a maximum pressure 
of separation which should not be exceeded, otherwise larger quantities 
than need be of the heavier gases are removed. 

At the standard temperature of 80° F. the operating pressures of the 
five stages of separation that follow the wellhead separators are, respec- 
tively, 218, 102, 55, 34 and 25 Ib. per sq. in. absolute. Although 80° F. 
is the average, the temperature of the oil being handled varies between 
140° and 40° F., which are the extremes of summer and winter. The rise 
of temperature reduces the efficiency of multistage stabilization con- 
siderably, owing to the fact that the solubility coefficients of the heavier 
gases are reduced to a greater proportionate extent than those of the 
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lighter gases. But:for this it would be possible to regulate the pressures 
according to the temperature and maintain constant efficiency. 

It was stated earlier that the final pressure of 10 lb. per sq. in. at 
80° F. was selected because it approximates the vapor pressure of the 
crude with 250-lb. compression gasoline added. Abadan refinery is 
about 125 miles from the Haft Kel field, and the oil that.is produced and 
processed in the cool of the night at about 80° F. may arrive there in the 
middle of a summer day at 140° F., with a vapor pressure of nearly 
30 lb. per sq. in. gauge. The pipe-line boosting stations and the refinery 
have arranged their plant so that they can handle oil of this vapor pres- 
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Fic. 2.—EFFECTS OF OPERATING PRESSURE AND TEMPERATURE. 


sure without any difficulty, but it is the maximum to which they are at 
present prepared to go. The crude dispatched to the refinery is there- 
fore separated to final pressure which gives approximately a vapor pres- 
sure of 10-lb. gauge at 80° F.; i.e., at 140° F. the final separator pressure 
is 43 lb. abs., in order to offset as far as possible the loss of efficiency due 
to the higher temperature. The operating pressures of the other stages 
are also varied with temperature (with the exception of the first stage 
at the wellheads) in order to keep them relatively correct. Fig. 2 
shows the relations between temperature and pressures; actually these 
should be slightly curved, but to simplify the control an average straight- 
line relationship is used, as it is sufficiently accurate for all practical 
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purposes. The following figures show the effects of temperature, and 
the countereffect of pressure adjustments: 


Retention of n-butane at 80° F. = 88 per cent total available 
Retention of n-butane at 140° F. without adjustment 

of pressures = 73.8 per cent total available 
Retention of n-butane at 140° F. with adjustment of 

pressures = 82 per cent total available 


There is, of course, at all times a slight fall in temperature of the oil 
as it passes from one stage to the next, due to the latent heat of the 
evolved gases, but it appears to be counterbalanced to a certain extent 
by the heat generated in the turbulent flow in the pipes connecting the 
stages. The observed temperature drop does not exceed 1° F. per stage. 


Efficiency of the Haft Kel Plant 


The normal gas-oil ratio of Haft Kel crude single-flashed into a flow 
tank at atmospheric pressure is approximately 468 cu. ft. per barrel. 
The percentage composition of this gas by volume, together with the 
quantity of each component, and the amount of each remaining in 
solution in the crude, are given in Table 1. 


TABLE 1.—Composition of Haft Kel Crude 


Cubic Feet of Gas per Barrel at 
a ercentage Standard Temperature and Pressure 
omposition 
Component of Gass) | 
Volume Total 
Methane: s..:.2.cunitu ue eer iees 62.23 293.08 
ECD ANG 5, sc ctaa ch eerie ciclo eee 10.77 2 k 52.38 
POPPA Fo theese ek Shae tele i eat 10.55 : , 56.60 
Iso=butane2s yeoerewnlere rarer ee 3.35 F 2 21.95 
Normal hutanetion..esntene cece 4.82 : 34.90 
Pontanesivety ad ic} Scaecnrine come le 4.48 52.60 
Hydrogensulphidesenc).yarerereie 3.80 18.83 
SOLAN Satansita Soak oe ar on ener 100.00 530.34 


The treatment of this gas by 250-lb. compression gave a gasoline 
recovery of 214 gal. (U.S.) per 1000 cu. feet. 

Typical operating results of the multistage stabilization plant are 
given in Table 2. The figures have been obtained by calculation, in order 
to give comparable values, but they are in good agreement with observed 
results. In Table 3 these figures are converted into cubic feet per barrel 
of single-flash crude, with the addition of a column giving the gases 
obtained in the 10-lb. crude. 
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From Tables 1 and 3, it is now possible to obtain the efficiency of the 
process for comparison with the orthodox methods of gasoline recovery. 


TABLE 2.—T ypical Operating Results 


Number of Stage 
1 2 3 4 5 6 
Operating pressure, lb. per sq. in. 

SL Ler reperer renee ons io det a ocars (arc Guscsveatis 515 218 102 55 34 25 
Temperature, deg. F............ 105 80 80 80 80 80 
Gas evolved, cu. ft. per barrel 

equivalent single-flash atmos- 

PuevICICCUde Haase eae tee 210.0 | 80.8 | 39.7 | 20.7 | 13.4 9.33 
Gas analysis, percentage volume: 

Methan emcee rerio 87.62 | 81.82 | 68.07 | 48.52 | 28.21 | 14.10 
than mene cranes see re ee 6.12 | 9.12] 15.48 | 23.96 | 31.37 | 34.80 
[ErOpANG ae sani We piacketenes 2.64 | 3.94) 7.65 | 18.33 | 20.20 | 26.00 
Tso-bubane sco. sacs seis ee A> 0.45 | 0.61 1,36 | 2.42) 3.74 | -5.00 
TAslOUGAN Gevacre ere e eras ayeye uae s (Qeet) |) Wore |) a ait Qe (alae 28 EOS 
IPONUANL Crt eis ccetoieaeshie sce 0.39 0.46 0.90 1.62 2.58 3.46 
EGS errarecnyen cite hsuetie cere e selec? 2.19 | 3.28) 5.03 | 7.88] 9.62) 10.75 


TABLE 3.—Gas Content 


Cubic Feet posest Beret Sears Crude Lisbie Feet, 

Component ing in 10-lb. 
1 2 3 4 5 6 Gaees 
Methane: ...00. 0045. 184.00 | 66.10 | 27.00 | 10.88 | 3.79 | 1.32 0.77 
WGHADC see vice le) weave 12.85 7.387 | 6.15 | 4.96 | 4.20 | 3.25 13.62 
POPC haces sie ose. ore Stal) 8.18} 38.04] 2.76 | 2.72 | 2.438 37.00 
Iso-butane.......... 0.95 0.49 | 0.54] 0.50] 0.50 | 0.47 18.50 
M=DIEGANC 04 cc es os 1.23 | 0.62] 0.60 | 0.57} 0.57 | 0.55 30.75 
Pentanes..acas:. es ° 0.81 0.37 | 0.86] 0.83] 0.385 | 0.32 50.00 
15 Ch: Secceeeee aeee 4.60 | 2.66] 2.00 1.538 1.29 | 1.04 5.75 
Totals 209.99 | 80.79 | 39.69 | 21.03 | 13.42 | 9.38 156.39 


This is given by comparing the increased quantity of each gas retained in 
10-lb. crude with the amount in single-flashed gas. 


18.50 — 6.25 


Iso-butane = ae amis & 78 per cent 
30.75 — 12.30 
n-butane = ca 0 Gir 81.7 per cent 
50.00 — 31.60 


Pentanes =o = oq ais 87.5 per cent 
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These efficiencies compare most favorably with those obtainable by 
the best design of absorption plant, especially when time efficiency is 
taken into consideration. Maintenance work on the separators is prac- 
tically nil and their running time may be taken as 100 per cent, whereas 
that of an absorption plant generally has between 90 and 95 per cent. 

The loss of efficiency in hot weather also applies to the absorption 
process, but in southwest Iran it is difficult during the summer months to 
keep the temperature of the seal oil entering the absorbers below 100° F. 


Harr Ket Propuctrion System 


So far no mention has been made of the production system at Haft 
Kel, but it is obvious from the preceding description of the process that 
multistage stabilization has helped to simplify it considerably. 

The output from the field is handled by three units, their capacities 
being, respectively, 125,000, 65,000 and 40,000 bbl. per day. Fig. 3 
shows the largest unit. Each of these units serves groups of from 4 to 
10 wells, the output of each well being of the order of 10,000 to 16,000 bbl. 
per day. Each well is fitted with a separator, one of which is shown in 
Fig. 4. The remaining five stages of separation constitute the stabilizer 
unit and are located at elevations of from 1600 to 1900 ft. above sea level, 
from which they deliver the crude by gravity flow to the first boosting 
station on the pipe line 60 miles away. 

The distance between the wellhead separators and the stabilizer unit 
is sometimes as much as 3 miles, with a difference in elevation of 500 to 
1200 ft., the wells being at the lower level. 

The operation of the complete system is illustrated by the simplified 
oil-circuit diagram in Fig. 5. Beginning at the wellhead separator, 
there is a liquid-level controller A on the inlet line, which acts as the 
throttling valve or bean on the well. This controller opens if the level 
in the separator tends to fall, and thereby maintains a constant level 
in the separator by varying the offtake from the well. 

During normal operation, controller B on the separator outlet remains 
wide open, but if the offtake of oil from the separator exceeds the capacity 
of the well, resulting in a fall off in the separator, controller B begins to 
close and prevents gas from entering the oil line. 

The oil from the separator flows through its line to the stabilizer unit, 
where it joins the lines from the other wells in a common manifold. 
The total oil enters the second stage of separation, the quantity being 
regulated by controller valve C. If the level of the oil in this separator 
rises, C closes and restricts the flow from the wellhead separators, and 
vice versa. Similarly the succeeding stages are controlled by the liquid- 
level regulators on their inlets. 

The outlet of the final separator is connected directly to the main pipe 
line leading to the refinery. The quantity dispatched is adjusted by 
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means of valve J, which is situated some miles away down the main oil 
line at a control point. 


Fic. 3.— MULTISTAGE STABILIZER UNIT, Harr KeiFigyp. Capaciry 125,000 BARRELS 


PER DAY. 


Fig. 4.WELLHEAD SEPARATOR, Harr K&L FIELD. 


Enough wells are connected to the unit to provide more oil than the 
maximum possible requirements, but the low-level controller H is 
provided on the discharge side of the final separator to prevent any gas 
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from passing into the main oil line in the event of partial or complete 
failure of crude supply from the wellhead separators. 

ADVANTAGES OF MULTISTAGE STABILIZATION 


Multistage stabilization permits an extremely simple and almost 
entirely automatic production system to be installed. No tanks are 
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Fic. 5.—SIMPLIFIED DIAGRAM OF STABILIZER UNIT, OIL CIRCUIT. 
A to H, liquid-level controllers, J and K, gate valves. 


included in the production system. If there should be a break on the 
main pipe line, all the producing wells can be closed in by closing valve J. 
The regulation of pressures with change of temperature also lends itself 
to automatic control. 

All the separators are horizontal cylinders; those at the wellheads 
are 3 ft. in diameter and 60 ft. long, and those comprising the stabilizer 
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unit are 4 ft. 6 in. in diameter and 120 ft. long. The separators have no 
internal fittings, as it was found after extensive experiments that this 
type of vessel is the most suitable separator for the multistage process. 
Probably this is because in each of the stages the actual volume of gas is 
approximately equal to the volume of oil, and the mixture consists of 
bubbles of gas carried in a stream of oil, whereas the usual condition in 
oil-gas separators is that the oil is dispersed as drops in a stream of gas. 

The level controllers are fitted near the outlets of the separators, and 
after flashing across them the oil and gas mixture travels through about 
100 ft. of pipe before entering the next stage. The turbulent flow in this 
pipe ensures that equilibrium is reached between the gas and the oil. 

The whole installation has a very low first cost, and the operating and 
maintenance costs are far below those of an absorption plant handling an 
equivalent quantity of gas. 


OTHER APPLICATIONS AND DEVELOPMENTS 


The system of multistage stabilization can be applied with consider- 
able advantage to high-pressure absorption plants, where it reduces the 
amount of uncondensable gases passing out of the condensers. (Some 
of the modern plants in the United States of America are using one or two 
stages of separation between the absorbers and the stills for this purpose.) 

The gases evolved from the last four stages of separation at Haft Kel 
are relatively rich in gasoline (Table 2), and invite treatment for the 
recovery of their gasoline. The quantities involved, however, are 
relatively small, and so far it is not possible to make out an economic 
case for the recovery, involving as it would a departure from that extreme 
simplicity and economy now obtaining in the Haft Kel field. 

A scheme is being investigated, however, to recover this gasoline by 
compressing these gases to the pressure of the second stage and passing 
them through an absorber column countercurrent to the crude from the 
second-stage separator. The gas from the final stage, being the richest, 
would be put into the bottom of the column and the leaner gases at 
corresponding points higher up. The crude leaving the absorber would 
pass back into the separator chain and continue the usual process. The 
gas leaving the top of the column would approximate the composition 
of that evolved from the second stage. The power for the compression 
of the gas would be obtained from the expansion of the high-pressure gas 
and no cooling would be employed, the gases being injected directly from 
the compressors into the column, as their total heat would have but little 
effect on the relatively large bulk of crude. In this way it is aimed to 
keep the stabilizer units absolutely self-contained and at the same time 
recover every possible gallon of gasoline, though they will lose a certain 
amount of their simplicity. 
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CONCLUSION 


The multistage stabilization of crude can be employed to its opti- 
mum effect only in fields where the flowing pressures are high and the oil 
and gas content of the crude are known. It is of greatest value in fields 
in which otherwise provision for gasoline-absorption plants with their 
ancillary services would have to be made. 
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DISCUSSION 
(B. C. Craft presiding) 


N. D. Draxr,* New York, N. Y.—This paper shows what can be done to take 
advantage of natural conditions in producing operations. The use of several stages 
of separation is an approach to differential liberation of gas; a step further than the 
two-stage or three-stage separation commonly used in high-pressure gas-return opera- 
tions. As pointed out in the paper, the successful application of the multistage 
stabilization is dependent upon the existence of high flowing pressures over a long 
period of time, and in the Iranian fields there can be little doubt on the question. 
Operations in fields like those with which the paper deals—those having reservoirs in 
which the oil is contained in crevices, fissures or extremely porous formations, and is 
under the influence of very active water drive—probably come close to the petroleum 
engineer’s paradise, where reservoir pressures never decline, wells may be spaced 
many miles apart and the entire operation simmers down to something approximating 
control of valves, represented by the wells, tapping a large tank of fluid. It is possible 
that the multistage stabilization idea as outlined in this paper could be applied to a 
sand reservoir where pressures are maintained by gas return; the relative advantages 
between this hookup and the use of one or two stages of high-pressure separation 
followed by stabilization will very likely depend principally upon the compression 
cost involved in bringing the produced gas up to injection pressure. 


* Standard Oil Development Co. 
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Principles of Well Spacing 


By Morris Musxat* 
(New York Meeting, February 1939) 


AuTHouGH the problem of well spacing is one of the most important 
involved in the production of oil, it must be considered at the present 
time as still subject to further development. The published literature on 
this question is so voluminous that we cannot enter here into a review of 
it, except to refer to the recent papers by L. L. Foley’ and E. A. Stephen- 
son,? where other references are cited. However, a decisive and conclu- 
sive answer to the problem of well spacing in any general form does not 
seem to have been developed. And while we shall be unable to present 
the desired solution in the present paper, it is nevertheless felt that the 
material to be given here not only provides the physical ground work for 
the ultimate solution, but shows qualitatively the essential factors that 
enter the well-spacing problem. 

Field studies of the well-spacing problem, in which the ultimate 
recoveries from different fields with different well spacings have been 
compared, have generally suffered from the lack of knowledge as to the 
similarity of the inherent characteristics of the producing reservoirs 
being compared, such as the sand volumes, the sand porosities, the sand 
permeabilities, the original reservoir pressures, the presence or absence 
of gas caps, the presence or absence of effective water drives, and the 
economic limits of production rates at which the various fields were 
considered to have yielded their ultimate recoveries. Certainly no one 
who is evaluating originally the economic significance of any oil reservoir 
would deliberately ignore these phases of the problem. And it is equally 
certain that no one would reasonably expect the ultimate recoveries from 
two reservoirs, even with the same well spacing, to be identical regardless 
of these other factors. 

More reliable results might be expected from comparisons of the 
recoveries obtained from different leases with different well spacings, 
but producing from the same reservoir sand. Unfortunately, however, 
even conclusions for such studies may be subject to serious errors. The 
reason simply is that however much one may insist that an operator is 
entitled only to the oil immediately underneath his surface acreage he will 
nevertheless drain the surrounding properties as long as his reservoir 


Manuscript received at the office of the Institute Jan. 26, 1939. Issued as T.P. 
1086 in PetroteumM TrcHnowoey, August 1939. 
* Gulf Research and Development Co., Pittsburgh, Pa. 
1 References are at the end of the paper. 
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pressures are maintained below that of his neighbors.* In other words, 
oil will migrate from the surrounding acreage and be brought up through 
his wells unless the surrounding leases maintain average reservoir pres- 
sures that are no higher than his. The intent of the operator with regard 
to this migration is entirely irrelevant. If he does not know the reservoir 
pressures in his and the neighboring leases it will go on without his knowl- 
edge. If he does know them he may still be forced to induce such migra- 
tion even against his will if his neighbors are unable to develop and 
produce their properties as fast as he finds it expedient and desirable to 
produce his own. Such a situation will always obtain when different 
parts of a single reservoir are drained at rates that are not all proportional 
to the oil present under the surface acreage and the wells are produced in 
such a manner as to create pressure gradients across the reservoir. 

Thus let us suppose that one-half of a uniform reservoir that is not 
subjected to effective edge water or gas-cap drives is drilled twice as 
densely as the other half. If all the wells are produced at the same rate, 
it follows that while these rates are maintained the densely drilled acreage 
will remove twice as much oil as its neighbor. If the sands are otherwise 
uniform the reservoir pressure in the densely drilled half will fall at a rate 
that is at least twice as great as that in the other half, provided these two 
halves are separated by animpermeable membrane. If such a membrane 
were to really exist, the total recovery from either half, when production 
had become unprofitable, would directly reflect the effect of the different 
well spacings used in the two halves. However, in reality no such mem- 
brane exists. On the contrary, it is just as easy for oil to flow across the 
boundary between the two halves in consequence of pressure gradients as 
it is for the oil to be driven into the producing wells by the pressure 
gradients directed toward these wells. In other words, as soon as the 
pressures in the densely drilled half begin to fall below those in the other 
half oil will begin to migrate from the latter into the former. 

In performing such an experiment one would therefore obviously 
anticipate that the closely drilled half would produce more oil in a limited 
time than the sparsely drilled half, even if inherently the well density had 
no effect upon the recovery of the oil that was originally in place in either 
side of the reservoir. And, indeed, this is the situation that has been 
frequently observed in field practice and has been universally quoted as 
supporting the claim that close well spacing will result in higher recovery 
than will wide spacing. Until the actual recoveries have been corrected 
for the migration into or out of any acreage that is being used in the 
study of well spacing, it is clear that the conclusions drawn will not be 


* The existence of this factor of migration in the interpretation of field data with 
respect to the problem of well spacing seems to have been first pointed out by A. C. 
Rubel? and subsequently critically examined by R. D. Wyckoff.‘ In fact, the above 
discussion is essentially nothing more than a restatement of Wyckoff’s conclusions. 
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valid in indicating the value of either close or wide well spacing. As 
this has not been done in studies made heretofore, and since it is not 
clear how such corrections can be made accurately, one is forced to 
question seriously the ultimate significance of tests or studies of this kind. 

In view of these difficulties of obtaining significant data on the problem 
of well spacing from records of actual field performance,* it appears neces- 
sary to resort to deductions made from laboratory studies of the problem. 
It is the purpose of this paper to develop this point of view. Since the 
laboratory approach to the problem of well spacing can of itself indicate 
only the nature of the physical solution to the problem, one must obviously 
supplement this with economic considerations in order to make the results 
of practical interest. However, it will be well to consider first the nature 
of the physical ultimate recoveries of oil reservoirs in relation to the well 
spacing of the drainage system in order to have a proper basis for the 
discussion of the economic phase of the problem. For this purpose the 
sands will be considered as uniform throughout the extent of the reservoir. 
_ When the producing horizon is broken up into lenses, each of which would 
certainly contain enough oil to pay for the cost of drilling and operating at 
least a single well, it is obvious that the spacing must be made sufficiently 
small to insure a high probability that each individual lens is penetrated 
by at least one well. It is further to be understood that neither effective 
water nor gas-cap drives are present as aids in the production. Only the 
gas originally dissolved in the oil will be considered as a source of energy 
for draining the sand of its liquid. 


PuysicaL ULTIMATE RECOVERIES OF EXTENDED UNIFORM SANDS 


By the detailed calculation of the production history of a column of 
sand of uniform properties it has been found that the physical ultimate 
recovery of liquid from the sand is practically constant over its whole 
extent.° By the “physical ultimate recovery” we mean that which 
obtains after an infinite time of production. \ This in turn implies that the 
pressure has fallen everywhere to the value maintained at the bottom of 
the producing wells. The economic phase of the question obviously 
enters into the problem raised in the attainment of such an ultimate 
depletion, since it involves the production from the reservoir during its 
later history at extremely low rates. However, for the present we shall 
ignore this question and shall suppose this ultimate depletion to be a 


pe ee 

_* A type of field data pertinent to the problem of well spacing that would auto- 
matically take care of differences in sand volume, sand porosity and initial reservoir 
pressure would consist of the ratio of the initial gas-oil ratio of the field to its average 
value during its production history. For these ratios would be direct measures of the 
fractional oil recovery. However, such data, too, would suffer from the complicating 
effects of free gas zones and water drives in comparisons of different fields, and from 
interlease migrations in the study of producing tracts in a single field. . 
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practicable achievement. There is indeed some variation of the ultimate 
liquid saturation at the state of complete depletion and, in particular, the 
recovery of liquid appears to be somewhat higher near the drainage sur- 
face than at distant points. However, this increased recovery is con- 
centrated about the outflow surface, and one may reasonably approximate 
the final result by saying that the ultimate recovery is uniform over the 
extent of the producing sand. 

While this conclusion has thus far been ‘expressed essentially as a 
consequence of a particular theoretical calculation and similar direct 
experimental laboratory tests, it may be shown that they are not to be 
associated with the special problem for which the calculation was carried 
through in detail. On the contrary, they have considerable general valid- 
ity. The proof of this may be deduced directly from the character of the 
general differential equations governing the flow of gas-liquid mixtures 
through sands, which have been derived as direct consequences of labora- 
tory experiments. These are the equations governing the space and time 
distribution of the fluid pressure and liquid saturation in any sand carry- 
ing a gas-liquid mixture which, under the assumption of uniform sand 
permeability, become: 


V: {pF o(o)Vp} + aV -: {pF i(e)Vp} = oft Soh So “(1 a pt [1] 
- (Fu(e)vp} = Bt 2] 


where p is the fluid pressure, p the liquid saturation expressed as the frac- 
tion of the local pore volume occupied by liquid, ¢ the time, a = su,/cu, 
kg, “1 being the viscosities of the gas and liquid phases, s the solubility of 
the former in the latter, c the density of the gas at atmospheric pressure, 
f the porosity of the sand, ko its homogeneous fluid permeability, and the 
differential operator V refers to the space coordinates. It is also assumed 
for simplicity in constructing equations 1 and 2 that the gas is ideal and 


obeys Henry’slaw. The functions koF'i(p) and koF’,(p) are the empirically - 


determined values of the permeability of the sand to the liquid and free 

gas phases expressed as functions of the liquid saturation. These func- 

tions represent the hydrodynamic definition of the sand as the carrier 

of a heterogeneous fluid, just as the permeability ko is that for a homo- 

geneous fluid (liquid or gas) flow. The technique required to determine 

these functions has been described by Wyckoff and Botset (ref. 5, p. 325). 
For the linear system these equations reduce to: 
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where &, t are the dimensionless variables defined by: =2/L;t=kot/fuiL?. 
It is also assumed, of course, that the pressure p is measured relative to 
some unit pressure, which is to be considered as multiplied into the right 
side of the expression for f. 

It follows that for a given set of physical constants, included in a, 
and a certain mode of production—defined, for example, by the character 
of the variation in pressure or flux at the outflow surface—the saturation 
distribution at any time and position will be expressed by the universal 
function p = p(a, pi, £, t), where p; is the initial reservoir pressure. The 
pressure distribution will be given by a similar function, it being explicitly 
noted that the absolute length of the system Z does not enter into these 
functions, the parameters of significance being the dimensionless quanti- 
ties Zand?. The total ultimate recovery of a unit cross-section column 
of sand of porosity f and length L, drained by a single ‘‘ well” at its center, 
will therefore be given by: 


2x 
P= af |. E — H( Diy TF ) fax 


1 [4] 
LS sf [1 os p(a, Pi; z, 00 ) dz = F(f, a, pi)L 

the © indicating that p refers to the state of ultimate depletion. 
Thus we see that the total ultimate recovery will be directly propor- 

tional to the length of the sand; that is, the average recovery per unit 

length of sand will be independent of the total length of the system. 

Furthermore, if there are n identical “wells” draining the column of sand, 

the total ultimate recovery will still be: 


L/2n 
P, = ans [ E — A Diy one, ) fa 
‘ [5] 


= JL" — pla, ps # ©) ]dz 


which is the recovery obtainable by a single well. With regard to the 
absolute ultimate recovery of the linear system, there is, therefore, no 
gain whatever in using more than one well to deplete the column of sand. 

For the radial flow system the analytical equivalent of the above 
result cannot be derived as a rigorous consequence of the differential 
equations. However, it can be shown to remain valid within the accuracy 
of practical interest. Thus, returning to the fundamental eqs. 1 and 2, 
it is readily seen that the significant dimensionless variables corresponding 
to Zand Zin eq. 3 are: = r/r., and t = kot/fur.? where r- is the radius of 
the external boundary delimiting the sand system. Furthermore, as 
there will be in general two boundaries to the system, defined by the 
absolute dimensions r = Tu, 7 = ", their ratio 8 = 7./Tw may be expected 


42 PRINCIPLES OF WELL SPACING 


to enter as a parameter in the saturation distribution. The final equi- 
librium saturation after depletion will therefore be a function as: 
p = p(a, pi, B, 7, ©). Actually, however, the ratio 8 may be shown to 
drop out from the function p. For from the earlier study® of eqs. 1 and 2 
it was found that the equilibrium saturation at a closed boundary, which 
is also an equipressure surface, depends only on the ratio of the initial to 
final pressure in the system and not on its geometrical properties. Now, 
the only way in which these geometrical properties enter at the external 
boundary (7 = 1) is through 6. Hence it follows that 8 must drop out of 
p, leaving for the ultimate depletion saturation p = p(a, pi,7, ©). The 
total ultimate recovery may therefore be written for unit sand thick- 


ness as: 
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To see now the manner in which P varies with the area of the system 
being drained, we note first from eq. 6 that: 


a = 2nfroll — pla, pi, 1/8, ©)] Z Wafrw [7] 


The maximum variation of P with r.. therefore corresponds to the change 
in volume of liquid in the sand due to changes in well radius, which, of 
course, is entirely negligible for all practical purposes. The variation of P 
with r,, on the other hand, is given by: 


Eee + Palle — = ofa, ps1, @)) v2 [8] 


It immediately follows that Par.’, so that again the average ulti- 
mate recovery, per unit area, is independent of the total absolute area 
which the well drains. While it is not possible to fill out a plane area 
completely by means of strictly circular units, it is clear that for practical 
purposes the fact that the average recovery in a circular region is inde- 
pendent of the total area of the region also implies that the total ultimate 
recovery from a large tract with a number of wells in it will be no greater 
than if that tract were drained by a single well at its center. Here, too, 
therefore, a close well spacing would not lead to a larger physical ultimate 
recovery than would wide spacing. 

It thus appears that under similar conditions of production the total 
amount of oil that can be displaced from a sand filled with a liquid that 
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is saturated with gas to a given pressure is entirely independent of the 
number of wells that are used to withdraw that oil. In other words, the 
question of well spacing does not really exist from a strictly physical 
point of view. 


Economic ULTIMATE RECOVERIES AS AFFECTED BY WELL SPACING 


While the conclusions just drawn appear to follow from eqs. 1 and 2, 
it must nevertheless be admitted that in themselves they are essentially 
only of academic interest. For it has been explicitly assumed in their 
derivation that the comparisons between the ultimate recoveries under 
various conditions of well spacing are made only after an infinite time of 
production.* As previously mentioned, this assumption implies that 
one has waited until the pressures throughout the sand have become 
equalized and fallen to those maintained at the bottoms of the wells. 
A considerable portion of the total recoveries thus obtained would corre- 
spond to extremely low rates of withdrawal from the wells, and such as 

-would be not only unprofitable but would moreover definitely incur 
economic losses in the operations. Indeed, it has been not an uncommon 
experience to find, especially in tight sands, the pressures between wells 
to be of considerable magnitude even though it has become necessary to 
abandon the original wells draining the reservoir because they could no 
longer yield oil at profitable rates. To have continued to operate these 
original wells until the pressures between them had fallen to the low 
values immediately surrounding the wells, so that the depletion through- 
out the whole sand would have attained its ultimate value predicted by 
the above theory, would, of course, have been gross economic folly. 

It is obviously pertinent, therefore, to inquire whether such theo- 
retical considerations as developed above can also be subjected to the 
economic limitations of the problem of oil production. For only under 
such conditions will the implications of the laboratory studies have 
practical significance. Unfortunately, the mathematical analysis involved 
in the solutions of the fundamental eqs. 1 and 2 has not reached the stage 
of development wherein any arbitrary geometrical system can be treated. 
In fact, only the simplest case, in which the producing reservoir is in the 
form of a long column of sand, has thus far been analyzed in detail. For 
this case, however, as we shall see presently, it is possible to apply 
economic considerations to the problem of well spacing. 

The economic restriction that we shall now impose is that the recovery 


of the oil will not be profitable unless the rate of production per well is 
meme tee ee ee 

* While the additional assumptions of strictly constant liquid viscosity and ideal 
kinetic theory behavior of the gas and liquid reservoir fluids also limit the generality 
of the conclusions even from the physical point of view, it seems very unlikely that 
the mere removal of these assumptions would lead to physical ultimate recoveries 
which vary appreciably with the well spacing. 
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equal to or exceeds a preassigned minimum value.* The question to be 
answered, then, is: How will the total recovery from a tract that is to 
be obtained with rates of production from the individual wells above this 
minimum value depend upon the number of wells in the tract? For 
simplicity, it will be assumed that all the wells in any particular tract are 
produced in exactly the same manner. Moreover, it will be supposed 
that this mode of production is that in which all the wells are drilled 
simultaneously and the bottom-hole pressures are reduced immediately 
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Fia. 1.—DECcLINE IN FLUX FROM LINEAR CHANNEL ORIGINALLY SATURATED TO A 
PRESSURE OF 10 UNITS AND EXPOSED AT ONE END TO A UNIT PRESSURE AND CLOSED AT 
THE OTHER. 


Real flux in cubic centimeters per second per unit area of sand column is ko/pL 
times ordinates. ¢ = dimensionless time. 


after completing the wells to a tenth of their initial reservoir pressure 
and thereafter maintained indefinitely until the field is abandoned. Con- 


sidering this final pressure to be that of the atmosphere, the assumption ~ 


corresponds to supposing that the initial reservoir pressure in the sand is 
10 atmospheres, or approximately 150 lb. These specific assumptions 
will be used here simply because the only case for which a detailed numeri- 
cal solution of the fundamental differential eqs. 1 and 2 is available was 
also developed under these assumptions. 

For this particular case it has been found that the velocity of outflow 
in dimensionless units from such a column of sand as a function of the 
dimensionless time ¢ is given by the curve of Fig. 1. The real flux into 
the well in cubic centimeters per second per unit area of sand column 


* A condition of this kind and the general type of economic interpretation of the 
well-spacing problem presented here has recently been applied to gas fields by 
D. T. MacRoberts,? 
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is ko/uiL times.the ordinates in this figure, where ky is the homogeneous 
fluid permeability of the sand, u; the viscosity of the oil, and L the length 
of sand column on either side of the well, it being supposed that the well 
bisects the sand and that the latter is closed at its distant terminals. 

If there are n wells uniformly spaced in the total sand column of length 
L, the rate of production from each well will be given by: 


sane a 

“== Fi 9 
Q wiL OE 0 
where again the quantity in parenthesis is given by the ordinates of Fig. 1. 


The total rate of recovery from the sand will obviously be nQ,. The total 
recovery of oil at any dimensionless time # will be given by: 


t tL 
P=jL ik (22) ai = fh if [1 — pla, pi, &, d]dz. [10] 


Its variation with ¢ is shown in Fig. 2, for the case corresponding to Fig. 1. 


ae 

loot 
Fig. 2.—VARIATION OF FRACTIONAL LIQUID RECOVERY FROM LINEAR SYSTEM WITH 
TIME, 


P = total liquid recovery per unit area of sand column; f = sand porosity; 
L = length of sand column; ¢ = dimensionless time. 


We are now ready to impose the economic limitations mentioned 
above; namely, that the ultimate recovery is to be considered as having 
been obtained when the production rate Q,, has fallen to a limiting minimal 
value, which we may denote by Qno. This means, by eq. 9, that the 
minimal value of the ordinates of Fig. 1 of economic significance will be 


that corresponding to: 
(72) =e = (11) 
0 n 
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where Qo is the minimum production rate expressed in dimensionless 
terms, and it is supposed that the pressures p have been taken throughout 
as being measured relative to a unit pressure. Thus choosing Qno, and 
therefore Qo, one can easily find from Fig. 1 the dimensionless time ¢ at 
which the recovery is to be considered as complete from an economic 
point of view for any number of wells n. From Fig. 2 can be obtained 
immediately the total fractional recovery up to that time, or the total 
economic ultimate recovery.* Moreover, this procedure also gives the 
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n=Number Of Wells 
Fic. 3.—VARIATION OF ECONOMIC ULTIMATE RECOVERY OF LIQUID FROM LINEAR SYSTEM 

WITH NUMBER OF WELLS 7. 


Qo = mLQno/4ko; ko = sand permeability; u:; = liquid viscosity; L = total length 
of system; Qno = minimal production rate (per unit sand cross section) per well at 
which the well can be produced profitably. 


absolute value of the time by which this economic ultimate recovery 
will be obtained, since: 


L*t 
Sas [12] 


The ultimate recoveries obtained as just described are plotted as a 
function of the number of wells draining the linear system in Fig. 3. 


*These two steps could be combined analytically into the single equation: 


oe dt ) 5 
P = —fL Yo7, do where (F 1") is denoted by %. However, this would require 
ra) o/n Vo dE) 9 


d dt ; nacine: 
calculating the slopes ais from a curve (Fig. 1) which is not known very accurately, 


whereas the integrated form: P = pu| 2% + ik "ave | would still involve using Fig. 1, 
0, 
together with that for fidvo. 
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The practical significance of the dimensionless minimal production rate Qo 
is given by the observation that a minimal rate of 0.1 bbl. per day per 
square foot of sand of an oil of 5 centipoise viscosity produced from a 
sand with a permeability of one darcy and 1000 ft. long corresponds to 
a value of Qo = 7.55. 

The fact that the curves with smaller Qy lie above those with larger 
values of Qo simply means that, as would have been anticipated, the 
ultimate economic recovery for the linear system under consideration 
will increase as the minimal production rate for abandonment decreases. 
Likewise, for a given minimal production rate the ultimate fractional 
recovery will decrease as the permeability decreases, since by eq. 11 Qo is 
inversely proportional to the permeability. And finally, the recovery 
will decrease with increasing viscosity of the oil, for a given number of 
wells and for a fixed minimum production rate at which the operations 
would become unprofitable. On the other hand, it is to be noted that the 
ultimate recoveries will not vary in a simple manner with the value of Qo, 
the actual dependence on Qo being determined by the number of wells. 
Thus, whereas for low well densities the recovery is roughly inversely 
proportional to Qo, the variation is much less for the higher well densities. 
Hence one cannot simply conclude that by doubling the minimal produc- 
tion rate the economic ultimate recovery will be necessarily halved, or 
that. by doubling the sand permeability the ultimate recovery will 
be doubled. 

Of more importance than these features of Fig. 3 is the variation of 
the ultimate recovery from the column of sand with the number of wells n. 
Here we find a marked dependence upon the absolute value of Qo. For 
small values of Qo the recovery increases rapidly to approximate satura- 
tion as n increases, whereas for large values of Q the increase in recovery 
as the number of wells increases is much more gradual. While the 
details of these curves must be accepted simply as consequences of the 
analysis and the calculations of the decline history of the particular 
system as expressed in Figs. 1 and 2, their general features can be given 
a reasonable physical interpretation. Thus the sharp rise and marked 
flattening of the curves for small values of Q» implies that for a highly 
permeable sand column little additional recovery would be gained by 
increasing the number of wells if the minimal production rate is kept fixed. 
Or, if we consider sand columns of the same permeability, it means that 
when the minimal production rate has been set at a low value one 
approaches, even with a small number of wells, so closely to the physical 
ultimate recovery that further drilling will add but little. On the other 
hand, the flatness of the curves for large values of Qo when n is small 
indicates that if the sand column is very tight one must make the spacing 
rather close to obtain appreciable recoveries before the operations become 
unprofitable. Likewise, if the limiting production rate is for some reason 
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unusually high the limiting dimensionless time as determined by Fig. 1 
will be in the part of the curve that is very insensitive to changes in the 
fluid velocity. Decreasing the effective value of the latter by moder- 
ately decreasing the well spacing will therefore add little to the total 
ultimate recovery. 

The fractional recoveries produced by each well are plotted in Fig. 4. 
It will again be noted that for small Q the recovery per well from the 
linear system decreases with decreased well spacing, whereas for large Qo 
the additional wells will produce just as much as the first few. On the 


other hand, it should be understood that if the number of wells is ~ 


appreciably increased beyond 10, all the curves of Figs. 3 and 4 will tend 


Ultimate Recoveries Per Well (%) 


n =Number Of Wells 
Fic, 4.—VARIATION OF ULTIMATE RECOVERIES PER WELL WITH NUMBER OF WELLS n. 
Expressed as percentage of total volume of liquid in complete reservoir. 


to merge, so that even those for large Qo will show saturation in Fig. 3 
and definite decline in Fig. 4. 


The variation of the time required to produce the economic ultimate 


recoveries with the number of wells is shown in Fig. 5. . Here the general 
trend is that of decreasing time of recovery with increasing number of 
wells, the anomalous behavior at very low densities reflecting the approxi- 
mations or errors in the numerical calculations rather than significant 
physical features. As to the numerical meaning of the ordinates of 
Fig. 5, it may be noted that the value of the ordinate of 0.1 corresponds 
to 2688 days for a sand that is 1000 ft. long, has a porosity of 20 per cent, 
a permeability of 1 darcy, and produces an oil of 5 centipoise viscosity. 
Moreover, the values for n for such a sand correspond to an average 
well separation of 1000 ft. for n = 1, 500 ft. form = 2 - - - up to 100 ft. 
for m= 10, 
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LIMITATIONS OF THE ANALYSIS 


These results, of course, are subject to a number of limitations due 
to the assumptions made in the theoretical analysis. Perhaps the most 
serious of these are the assumptions that the flow system is linear and 


0-76 = 5 = 
| | 1-58 at =i] ay 


7 lal 
n=Number Of Wells 


Fic. 5.—VARIATION OF TIME REQUIRED FOR ATTAINING ECONOMIC ULTIMATE RECOVERY 
FROM LINEAR RESERVOIR WITH NUMBER OF WELLS 1 USED TO DRAIN RESERVOIR. 


that the operation of the wells corresponds to wide open production. é As 
far as the nature of the geometry of the flow system is concerned, it is 
doubtful whether the general character of the results given here will 
differ for radial systems from that for the linear sand columns. While the 
decline curves will not be identical with that shown in Fig. 1, their main 
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trend will undoubtedly be the same. On the other hand, we do not 
yet know how to translate a specific rate of production for the radial 
system such as, for example, 1 bbl. per day per foot of sand, into an 
equivalent rate for the linear system; i.e., in terms of barrels per day per 
square foot of sand. It is impossible, therefore, to apply the present 
theory numerically to radial systems and hence to practical well-spac- 
ing programs. 

With regard to the effect of the manner of production upon the well- 
spacing problem, it is again impossible to state definite conclusions. 
From the point of view of the actual analysis, the method of production 
will play an important role. Thus if we should suppose that instead of 
flowing the wells wide open their production is prorated to a fixed rate 
throughout their whole life, the production-decline curve obviously will 
lose its meaning. Rather, one will have to construct pressure-decline 
curves, and determine the total recoveries at the time the bottom-hole 
pressures have fallen to their minimal practical values with various daily 
prorated production rates. Such generalizations must also be left to 
future analytical and experimental work. However, it appears unlikely 
that the well-spacing problem will be seriously affected by the details 
of the mode of production. 

Finally, it should be emphasized that the numerical results given 
here, or those obtained by any equivalent theory, will depend exclusively 
upon the details of the decline curve such as shown in Fig. 1. In fact, any 
type of quantitative prediction with regard to the well-spacing problem 
can be obtained by suitably varying the character of the dimensionless 
decline curve with which one begins. Thus, if one begins with the decline 
curve corresponding to a linear compressible homogeneous liquid system, 
one obtains total economic ultimate recovery curves similar in type to 
Fig. 4, but sufficiently different in detail to lead to per well recoveries 
that uniformly decrease with increasing well density rather than to 
maxima in the curves such as indicated in Fig. 4. And the curves for the 
time of recovery corresponding to Fig. 5 also show appreciable changes. — 
As previously mentioned, the maxima in the curves of Figs. 4 and 5 prob- 
ably have no physical significance but arise from the approximations 
inherent in the numerical solutions of eqs. 3, which underlie all the 
quantitative results of this paper. Moreover, in any development of an 
actual well-spacing program it would be necessary to take into account 
further economic factors such as interest on investment and price of oil, 
which have not been explicitly included in the above theory. 

No claim is made, therefore, that the well-spacing problem has been 
given a numerical or quantitative solution here. The purpose of this 
paper has not been to derive such an ultimate solution, but rather to 
present the physical bases upon which the well-spacing problem for any 
particular system should be treated and to show by an idealized example 
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how the analytical program could be carried through. On the other 
hand, it may not be an entirely fortuitous circumstance that the numerical 
results that have been derived for the linear system parallel so closely 
the general opinions heretofore declared with regard to the well-spacing 
problem, even though they have been founded upon questionable inter- 
pretations of field experience. 


SUMMARY 


As a result of the study reported here, it may be concluded that from 
a strictly physical point of view there is no basis for believing that the 
absolute ultimate recovery of oil that can be produced from a uniform 
and nonlenticular sand through the agency of the dissolved gases will 
materially depend upon the number of wells used to drain the reservoir. 
There is, however, a definite variation of the economic ultimate recoveries 
that can be derived from a given reservoir with the number of wells, if we 
consider the economic ultimate recovery to refer to that which can be 
obtained with the individual well-production rates exceeding a preassigned 
minimum. For a linear system, which has been treated in detail, it has 
been found that this economic ultimate recovery will increase as the 
number of wells that are used increases. When the minimum limiting 
production rate is small or the sand columns are highly permeable, the 
economic ultimate recovery rapidly rises as the number of wells is first 
increased, but quickly attains values that are thereafter no longer 
appreciably increased by further drilling. For tight sand columns, or if 
the lowest production rate at which the operation of a well would still be 
profitable is high, one must make the well spacing f airly small in order to 
approach ultimate recoveries that would be obtainable in highly perme- 
able sands or with low minimal production rates. 

Although but little practical significance can be attributed to the 
numerical results derived, because of the various assumptions underlying 
the details of the analysis, their broad features show a close correlation 
with general opinion regarding the well-spacing problem that has been 
previously expressed in the literature. 
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DISCUSSION 
(B. C. Craft presiding) 


R. J. Scuizruvuis,* Houston, Texas.—Dr. Muskat’s paper presents an excellent 
analysis and statement of the physical principles governing the behavior and the 
localized and regional movements of gas and oil within reservoirs. It throws the 
proper light on the significance of this behavior relative to the problem of well spacing 
and its influence on ultimate recovery. 

Well-spacing practices in this country, particularly in Texas, have been motivated 
entirely by competitive economic conditions with no proper consideration to either 
physical efficiency or the over-all economic efficiency of the operations. The result 
of this situation has been a great deal of over-all economic waste, as well as often to 
lead to physical inefficiency. 

The paper is very timely in laying the groundwork for, and indicating the true 
answer to, the physical aspects of the well-spacing problem and its influence on recoy- 
ery. The fact that well-spacing practice in the past has given way almost entirely 
to purely competitive economic conditions, ignoring sound physical as well as economic 
considerations is rapidly bringing on-a critical situation in many areas today relative 
to per well allowables, payouts, etc. For this reason, Dr. Muskat’s paper and con- 
clusions are deserving of very careful attention and consideration by the oil operators, 
as well as the various state regulatory bodies. 

In connection with the purely physical considerations in Dr. Muskat’s paper, 
there is one question I would like to raise; the possibility of the importance of the effects 
of gravitational forces in bringing about zonal segregation between the oil and evolved 
gases during the course of production and the possible relation of this effect to the well- 
spacing problem. 


T. A. Potuarp, San Francisco, Calif—Dr. Muskat has shown a certain ‘ultimate 
recovery”’ for a well or wells, predicated on a number of conditions, one of which was 
the reduction of the bottom-hole well pressure in the beginning to a fraction of the 
original reservoir pressure, and maintenance of the well pressure at the same value 
throughout the life of the well. What would be the effect on the ‘ultimate recovery ”’ 
if the well pressure were first reduced to, say, 90 per cent of the original reservoir pres-_ 
sure, then 80 per cent, and so on to depletion, thus simulating a restricted or pro- 
rated condition? 


N. D. Draxn,}| New York, N. Y.—This paper must be regarded as one more 
of the series of extremely valuable contributions to our knowledge of reservoir fluid 
behavior that have been made by Dr. Muskat and his co-workers. It would seem 
that it is now possible to show beyond a reasonable doubt the factors involved in 
reservoir drainage in an ideal reservoir, and the principal remaining obstacle to wide- 
spread practical application of the fundamental principles already disclosed would 
seem to be the question of physical changes in the reservoir system during productive 
life. Among these changes already appreciated are the changes in permeability to 
oil caused by variation in saturation, and the separation of oil and gas within the sand. 
The latter is perhaps least susceptible at the present time to analysis, or perhaps it 
a a gg ee eke a ee Re 
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may be better said that it is most difficult to estimate the effect of this phenomenon 
in actual operations. 

The discussions that have been carried on in recent years regarding the possible 
drainage of energy through stratification or slippage of gas without the drainage of 
oil are well known, and a case often cited as an illustration is the Mansion area at 
Oklahoma City. If in certain types of reservoirs there is going to be a substantial 
separation of oil and gas within the oil sand, it is to be inferred that spacing considera- 
bly closer than that indicated by mathematical analysis would be required to effi- 
ciently drain the oil, but the burden of proof on this point would seem to lie on those 
favoring close spacing for this or some other reason. It can be shown that any degree 
of stratification of oil and gas within the sand with subsequent flow of gas unaccom- 
panied by oil to the well bore is a function of the gravity gradient, the horizontal or 
flowing gradient and the physical characteristics of the reservoir. Looking at these 
factors, it seems that for any given set of conditions the relation between these two 
pressure gradients at, say, 1000 and 2000 ft. from the well bore would be very slight, 
hence the inference would be that the wider spacing would cause very little, if any, 
loss in oil recovery because of stratification. Putting it another way, it could be said 
that given a certain reservoir condition—that is, a certain degree of dip and vertical- 
horizontal permeability relationship—any well spacing, except one ridiculously close, 
will allow a certain degree of separation of oil and gas in the reservoir at some distance 
from the well bore, but as between, say, 20 and 40 or 80 acres per well, the difference 
is slight. 

One phase of well-spacing studies frequently misunderstood is the effect of the 
time factor. It has been shown by Dr. Muskat and others that ultimate recovery 
in the ideal reservoir is to a large extent independent of the well spacing, time being 
the major consideration in the depletion of the sand. Under ideal conditions, the 
time required for recovery of a given amount of oil varies approximately as the 
square of the well spacing; that is, with twice the distance between wells the time 
required for drainage will be four times as great, and this fact has often been used 
to argue against 40-acre as compared to, say, 20-acre, spacing. The main point over- 
looked in such an argument when considering practical time limits is the fact that the 
time required to drain the oil with the closer spacing must be ascertained before any 
assumptions as to the time element on the wider spacing are justified. For example, 
a 20-acre spacing, purely from the standpoint of hydrodynamics, may be able to drain 
a given sand in five years even though under proration or some other restriction 20 or 
30 years may be assigned for depletion. In such an area, doubling the spacing distance 
would result in the drilling of only one-fourth the number of wells, yet under the four- 
fold rule, the wider spacing would be entirely adequate to yield the recoverable oil 
within the 20 or 30-year period. : 


R. A. Carret,* Washington, D. C.—Perhaps what I am going to say should be 
prefaced with the suggestion that we may be placing too much emphasis on maximum 
ultimate recovery in our consideration of well spacing. The objective, from a national 
standpoint, should be to obtain the greatest benefit from our petroleum reserves rather 
than the greatest number of barrels of oil. The nation and its people need a dependa- 
ble supply of oil at reasonable prices over a long period—not a flood of oil at low prices 
in one period and a shortage, with resultant high prices, in another. The operator’s 
financial welfare depends upon the return on his investment rather than upon the 
quantity of oil he produces. 

I do not wish to say that it is necessary to reduce ultimate recovery to accomplish 
the objective of a relatively uniform and dependable supply over a long period. 


* U.S. Bureau of Mines. 
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However, if it were necessary to sacrifice something in ultimate recovery by current 
methods of operation to accomplish that objective, perhaps as a nation we could 
afford to make the sacrifice. A considerable part of the oil left underground when 
fields are depleted by usual methods may be a reserve that can be-drawn upon when 
conditions demand or justify expenditures for mining and other methods of recovery 
that now are too costly for general adoption. 

Dr. Muskat has mentioned the difficulty of obtaining conclusive evidence from 
analysis of field data. H. B. Hill and R. K. Guthrie, of the Bureau of Mines office at 
Dallas, have plotted recoveries in barrels per acre-foot of sand as ordinates, against 
spacing in acres per well as abscissas, for groups of fields that have been operated 
substantially to economic depletion under open-flow methods and are similar in sand 


characteristics and other attributes. When average values for the individual fields — 


in such a group of similar fields are plotted, the curve trends downward with decreasing 
slope in the direction of wider spacing. That is, such curves are concave upward and 
tend to flatten as the well density is decreased. The hypothetical recoveries in barrels 
per acre-foot with an infinite number of wells, indicated by extrapolating such curves 
to the ordinate, seem reasonable. 

If, using the same ordinates, recoveries per acre-foot of sand from tracts with 
different spacings in the same field are plotted against acres per well, the curves are 
steeper than those based on average data for entire fields, showing more pronounced 
increase in ultimate recovery with the closer spacing. This clearly reflects 
regional drainage. 

Dr. Muskat indicated that he would expect higher ultimate recoveries in fields 
with closer spacing if the fields considered were comparable as to sand conditions and 
other features, because operation of a well ceases when the economic limit of rate of 
production is reached, instead of continuing to infinite time. However, there is one 
element that should not be overlooked in plotting field data in the manner I mentioned. 
The tendency of the operator is to select closer spacing in the areas where sand condi- 
tions are better, so the upward trend of the curve in the direction of closer spacing may 
be due to two influences: First, a higher ultimate recovery as a result of closer spacing, 
and second, a higher ultimate recovery in the more closely spaced areas due to better 
sand conditions in those areas. However, critical examination of some of the data 
giving curves of the type mentioned fails to disclose any superiority of sand conditions 
in the more closely spaced fields. 

If curves of this type can be accepted as showing a relation of spacing to recovery 
(we are not ready to accept them without further study) it is possible with correspond- 
ing decline curves to make an economic analysis to determine the spacing that would 


give the greatest profit under the older methods of production. Also, if we can deter- . 


mine what departures from such curves result from controlled and improved methods 
of operation, the economic analysis can be extended to apply to fields operated in 
accordance with the later practice. 

Such an economic analysis must be based on an assumed price for oil. If an 
analysis based on the current price for oil should disclose that the greatest profit comes 
with closer spacing than is now generally practiced, and operators were to change their 
spacing accordingly, one might then expect a decrease in price of oil, which would 
invalidate the economic analysis on which the closer spacing was based. 

The Bureau is endeavoring to obtain data concerning fields operated under con- 
trolled-production methods for comparison with data from the older fields. The 
difficulty is that the history of fields operated by the new methods is short, and such 
fields have not been produced to exhaustion. Comparisons must be based upon 
estimated rather than proved ultimate recoveries in the newer fields, and a long ‘‘fore- 
sight” must be projected from a short “‘backsight.”” However, our engineers have 
osme data that indicate that fields operated with pressure maintenance are 
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higher recoveries than fields with the same spacing operated under the older methods. 
With data of that kind it may be practicable to make economic analyses in which the 
cost of pressure maintenance can be compared with the cost of additional wells to gain 
the same recovery. 

These remarks are more or less premature, and I have no desire that any definite 
conclusions be drawn from them. My main purpose in this discussion is to give a 
suggestion of some of the studies the Bureau’s engineers are making, and some of the 
factors that are puzzling us, primarily with the hope that as a result we may obtain 
further data and ideas that will bear upon the work. If any of you can refer H. B. Hill, 
H. C. Miller, or other members of our staff who are engaged in Bureau work that bears 
upon well spacing, to information that discloses differences in recovery between fields 
of similar types produced by open-flow methods and by controlled methods, we shall 
be appreciative. 


H. H. Power,* Austin, Texas.—It is evident that Dr. Muskat’s paper applies 
principally to a pool where the principal source of energy to drive the oil toward the 
well is the gas dissolved in and produced with the fluid. As I understand it, his analysis 
is rather definite, in so far as it applies to radial two-dimensional flow under such con- 
ditions of reservoir control. To what extent have reservoirs under varying degrees of 
hydraulic control been analyzed, and what fundamental issues are involved in so far 
as the spacing pattern is concerned, and, more particularly, what would the author 
consider to be the radius of drainage of such wells for proper and efficient drainage of 
the oil content? 


M. Mousxart (author’s reply).—Mr. Schilthuis’ reaction that this paper provides a 
sound attack upon the well-spacing problem is indeed gratifying, in view of the exten- 
sive fundamental researches by himself and his co-workers on the principles of oil 
production. His question regarding the effects of gravitational forces in bringing 
about zonal segregation between the oil and evolved gases during the course of produc- 
tion is well taken. Indeed, such effects must be present. Although we cannot yet 
estimate quantitatively their magnitude, we may be certain that in general gas segre- 
gation will be more pronounced under wide well-spacing conditions than for close well 
spacings. As such segregation, moreover, will be conducive to gas by-passing and 
hence inefficient oil recovery, the close well-spacing program may for this reason possess 
an advantage over wide-spacing plans. In practice, however, this difference may be 
entirely insignificant, as its magnitude may be so small as to be entirely counterbal- 
anced by the economic factors related to the cost of drilling and the time of payout, 
etc. Moreover, the physical effect in itself will be largely eliminated in producing 
formations separated by shale breaks or where the vertical permeability as a whole is 
appreciably less than the horizontal permeability. 

With regard to Mr. Pollard’s question concerning the effect on the ultimate 
recovery of stepwise reductions of the bottom-hole flowing pressures, IT can only repeat 
from the text of the paper the feeling that it appears unlikely that the well-spacing 
problem will be seriously affected by the details of the mode of production. We are 
attempting to generalize the analysis so as to obtain more quantitative predictions for 
such effects, but we are not yet able to draw any general conclusions. 

Mr. Drake’s discussion of the effect of gas segregation is in agreement with our 
point of view. Quantitatively, however, we would hesitate to predict with certainty 
the exact range of practical conditions where this phenomenon would or would not be 
serious. Mr. Drake’s comments regarding the time element in well-spacing considera- 
tions are also well taken. At the present time the extended periods of payouts result- 
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ing from proration cannot beignored. Qualitatively, proration control would certainly 
tend to decrease the gap between the life periods of fields producing under wide and 
close spacing. On the other hand, it may still be true, under certain conditions, that 
the restrictions imposed by proration may automatically disappear in the early history 
of a field, owing to the failure of the wells to make their allowables even under open- 
flow conditions. In such cases, which, of course, exclude effective water-drive fields 
like East Texas, the depletion time for the closely spaced wells may still remain 
appreciably smaller than for widely spaced wells. These are admittedly only possi- 
bilities and it is not proposed that they represent any general situation or rule. 

Mr. Cattrell’s brief summary of the recent work of the Bureau of Mines on well 
spacing is interesting. The distinct difference between the curves for wells obtained 
from different fields and those from tracts in the same field is certainly a gratifying 
confirmation of our interpretation of the significance of field data. We also agree with 
the desirability of ultimately applying the physical data of recovery vs. well spacing to 
practical economic situations to see what the curves of profit vs. well spacing might 
look like. We are planning to carry out this type of calculation on the basis of our 
theoretical analysis of the well-spacing problem, and it will be interesting to see how 
they will compare with those obtained by the Bureau of Mines in using the results 
they are gathering from field experience. Of course, we agree that the oil recovery 
observed with any particular field developed over its actual production history does 
include the effect of the well spacing characterizing the development. Our only fear 
with regard to the use of such field data lies simply in the uncertainty as to the degree 
to which the recovery reflects the well spacing and that to which it reflects the sand and 
fluid characteristics, the structural features of the field, and such other items as edge- 
water drives or gas-cap drives. If the work of the Bureau of Mines satisfactorily 
eliminates these other factors, without question the field data should be entirely trust- 
worthy and significant. 

Answering Professor Power, I should like to stress that our treatment of the well- 
spacing problem as given in this paper is explicitly restricted to linear systems. 
For this reason we feel that it can correctly give only the principles and trends involved 
in the problem rather than any quantitative magnitudes. We are attempting to 
extend the analysis to radial flow systems and if that should be successful we shall 
have results of more immediate practical applicability. As to the matter of reservoir 
control, it is true that we have considered only the phase of the production involving 
the evolution and flow of the gas originally dissolved in the oil. The inclusion of the 
effects of edge-water encroachment appears at present to be extremely difficult to carry 
out quantitatively. Qualitatively, however, our, studies indicate that whatever 


changes water drives may make upon the general picture, it will be such that the | 


differences between the economic recoveries under close and wide spacing will be 
decreased by the effects of water drives as compared to those obtained when water 
drives are entirely absent. 
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Radial Filtration of Drilling Muds 


By Mitron Witu1aMs,* Junior MemsBer A.I.M.E. 
(Galveston Meeting, October 1939) 


Ir is generally recognized that fluid is lost from rotary drilling muds 
to permeable strata during normal drilling operations;'*»* but that this 
fluid is the filtrate from the mud, rather than the mud itself, has been 
shown by various workers.':4% 

The presence of this filtrate in oil-bearing or gas-bearing strata is 
undesirable and harmful. The decreased permeability of the stratum 
to oil effected by the presence of water has been pointed out by several 
‘investigators,®” and since, in the production of the reservoir fluid, the 
greatest pressure drop occurs immediately adjacent to the borehole, it 
follows that infiltered water is particularly objectionable in this region. 
Again, this filtrate tends to make electrical logs less reliable, since oil 
in the proximity of the borehole is probably flushed out to an appreciable 
extent by the water.? Observation of side wall cores may be misleading 
for the same reason. Drill-stem tests in low-pressure areas may be of 
doubtful value where no oil is recovered, unless sufficient time is allowed 
for production of water lost from the mud. ‘The infiltered water may 
hinder drilling operations by softening shales and causing sloughing; 
the “‘tight hole” occasioned by excessive deposition of filter cake in the 
holeisa common occurrence. The filter cake remaining on the face of the 
producing formation may itself sometimes be detrimental to production.® 

In view of these implications of the importance of filtration of mud, 
an investigation was undertaken to determine the factors involved in the 
infiltration process, and to correlate these in such a manner that the values 
obtained in routine filter tests employing a conventional filter of the 
‘‘wall-building tester” type,’? together with data on size of hole, drill 
pipe, and rate of mud circulation, could be used to estimate water loss 
and distance of penetration of the filtrate into strata. . 

Quantitative relations of filter-cake permeability, filtrate viscosity, 
and rate of filtration have been developed for filtration in the simple 
laboratory filter.4¢441?-1% It is obvious, however, that the conditions 


Manuscript received at the office of the Institute May 13, 1939. Issued as 
TP, 1112 in Perrotpum TECHNOLOGY, November 1939. 
* Humble Oil and Refining Co., Houston, Texas. 
1 References are at the end of the paper. 
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under which the mud is tested in this procedure are not similar to those 
prevailing in drilling wells, where the mud is circulated past the filter 
cake deposited on the face of the strata. Consequently, in this work 
filtration under drilling conditions was simulated as closely as was feasible 
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Fia. 1.—Pressurp FILTER, 


with the laboratory equipment available, and the results were correlated 
with data from the simple laboratory filters. 


FILTRATION witH Ax1aL Mup FLow 
Apparatus, Procedure and Results 


Apparatus.—The construction of the filter and the arrangement of 
apparatus used in all tests are shown in Figs. 1 and 2, respectively. The 
filter consisted of a porous “Filtros” cylinder (of a siliceous synthetic 
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material) contained in a steel holder: the inside diameter of the cylinder 
was 1.5 in. (3.8 cm.); the length was 5.9 in. (15.0cm.). The permeability 
was determined to be 1.3 darcys. 

A 214 by 4-in. pump, powered with an electric motor, was used to 
circulate the mud; pressure on the filter was adjusted by use of a by-pass 
with gate valves in the by-pass and below the filter. Pressure was read 
from a gauge teed into the line just above the filter; the rate of mud flow 
was determined by measurement of the volume of mud discharged from 
the filter in unit time. 


Mud Container. 


Suction 


Fig. 2.—FILTRATION APPARATUS. 


The evaluation of “filtration constants”?! for each mud sample run 
was carried out in simple brass filtcrs, using filter paper as a filter- 
ing medium. 

Procedure.—Runs were made on: (1) a typical Gulf Coast mud, (2) a 
sample of that mud treated with 0.1 per cent by weight of sodium tannate 
from quebracho extract, (3) a sample treated with 1.0 per cent by weight 
of salt, (4) a mud containing 6.5 per cent Wyoming bentonite in tap 
water, and (5) a Gulf Coast mud weighted with a commercial weighting 
material to 15.0 lb. per gal. The filtration constants for these muds are 
shown in Table 1. 

The pressure range covered was from 30 to 75 lb. per sq. in.; rate of 
mud flow was 100 to 600 c.c. per sec. (corresponding to about 0.5 to 
2.5 ft. per sec. mean linear velocity). 
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TABLE 1.—Filtration Constants of Muds Used in Radial Filtration 
Determined in linear filters at 80° F. 


Density, | Viscosity, " 
Sample Lb. per ec., v 8 ép. Reciprocal 
Gal. Marsh arcys 

1. Gulfi:CoastaNorl ac 7 ete. ees 9.5 36 =: |0..127/0..833/0.89) 8.8 x 105 
2. No. 1, 0.1 per cent sodium tan- 

nate added sacweeens hein sieeve 9.5 30 = |0.127/0.833/0.89) 1.0 * 108 

3. No. 1, 1.0 per cent salt added... 9.5 44 |0.222/0.850/0.91| 2.2 x 105 

4, 6.5 per cent bentonite.......... 8.6 37 = (0.11 |0.833/0.89] 3.6 x 108 

5. Gulf Coast No. 2, weighted..... 15.0 36 = 0.81 |0.50 |0.89) 7.8 * 104 


Results—The results of a representative series of runs (on the 
untreated Gulf Coast mud) are shown in Fig. 3, where are plotted cumu- 
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Fia. 3.—FILTrRATION OF UNTREATED MUD IN CYLINDRICAL FILTER. 


lative volume of filtrate against time for each of the pressures and rates 
of mud flow. 

In all runs, it was observed that the rate of filtration became constant 
after a short time. It was found that the value of the constant rate 
attained in any particular run depended on the pressure, rate of mud 
flow, and character of the mud. From these results, it is apparent that 
constant rate of filtration obtains because the thickness of the filter cake 
becomes constant; as fresh cake tends to form, it is carried away by the 
hydraulic action of the mud stream. 
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Correlation 


Since the volume of filtrate-time curves for all runs become linear 
soon after filtration is initiated, only the steady state of constant rate of 
filtration will be considered. 

The equation for filtration against a plane medium with no mud 
agitation is given by"! 


v= Vi Fe —c 
in which 
yaa 2P1-s 
uvk’(1 — s) 
o = APS) 
vk'P* 


where V = cumulative volume of filtrate, c.c., 
A = area of filter, sq. cm., 
@ = time, sec., 
= pressure drop across cake, atm., 
= viscosity of filtrate, centipoise, 
= ratio of volume of filter cake, c.c., to volume of filtrate, c.c., 
= a compaction function of the cake, 
= a function of the resistivity (reciprocal permeability) of the 
cake 
pf(P) = a function of the resistance of the filtering medium (detailed 
discussion in ref. 11). 
In this equation, c is ordinarily negligible. 


Empirically, it was found that the steady-state filtration rate () 


BU ate BU 


of these runs varied linearly with the square root of the rate of axial mud 
flow Q, and with the square root of the m value of the mud as determined 
by routine evaluation; or 


(%) = er Qm 


The plot of (=) against ~/Qm for all runs made is given in Fig. 4. 


Since the rate of filtration varies directly as the filtering area a, this 


may be written 
("r) rahe 
ACL: £ = ev/Qm 
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It should be pointed out that pressure, cake compaction, viscosity of 
filtrate, and cake resistance are included in the m term; consequently, 
when it is desired to apply this equation to a particular case, it is only 
necessary to obtain the m value from a single run made on the “‘wall- 
building tester” at the desired temperature and pressure differential. 
Where this is not feasible, an approximation may be made, as will be 
shown later. 


OQ Untreated Mud 

@ Treated O1% Sodium Tannate 

x Treated 1% NaCl 

506.5 % Bentonite 

4 Mud Weighted To 15,0 LBS./GAL. 


0 0.0001 00002 0.0003 00004 0.0005 00006 0.0007 0.0008 
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a 


Fia. 4.—CoRRELATION OF RATE OF FILTRATION AT STEADY STATE, WITH RATE OF MUD 
FLOW AND PROPERTIES OF MUD. 


Variation of Filter Diameter 


The effect of one important variable, size of filter, has not been investi- 
gated experimentally. Accordingly, the extension of this equation to 
filters of other sizes has been made by dimensional analysis. 

Recalling the equation 


Y= Vind Fe — c 


it will be seen that m has the dimensions (length)?(time)-!. The dimen- 
sions of Q are (length)*(time)-!, so that the dimensions of Qm are 


(length)*(time)-?. 
In the equation 
do), = 
aie cor/Qm 


the left-hand member has the dimensions (length)(time)-'. For a 
dimensionally sound equation, both members must have the same dimen- 
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sions. In order to satisfy this condition, a term having the dimensions 
(length)? must be introduced into the denominator of the term under the 
radical. This is done by writing the equation 


where M is the hydraulic radius of the filter; or, in the case of annular 
flow between a pipe and the inner wall of the filter, the hydraulic radius 
of this annulus. 

The introduction of the hydraulic radius in this manner appears to be 
satisfactory, inasmuch as it is almost equivalent to the quite reasonable 
assumption that, for a given mud, the same rate of filtration per unit 
area will be established in any size filter when the velocity of axial mud 
flow is such that the same fluid pressure drop per unit length is maintained. 

Although, strictly speaking, the hydraulic radius should be based on 
the inner diameter of the filter cake itself, no appreciable error is intro- 
duced by use of the inner diameter of the filtering medium, since at 
moderate rates of mud flow the thickness of the cake is relatively small. 


Evaluation of k 


Inspection of the filter at the completion of each run indicated a large 
accumulation of mud cake at the ends of the filter, through which, at 
steady-state conditions, only a small part of the total filtrate passed. In 
the evaluation of the constants in these equations correction should be 
made for these end effects. This has been done by assuming that the 
effective length of the filtering surface was approximately two-thirds the 
actual length. Although it is recognized that this assumption will 
introduce some error into the computations, the equation is probably 
sufficiently precise for practical purposes. 

From the plot given in Fig. 4, for the filter used, 


dé c 
Sees 0.0019 Qm 


Introducing the hydraulic radius M, this becomes: 


(a) 
0) 50 Qm 
ee 0.0017 iG 


Although centimeters-grams-seconds were used in evaluating k, its 
value will remain unchanged as long as all variables are expressed in the 
same system of units. However, m is customarily expressed in square 
centimeters per second, while the other variables are usually determined 
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in English units. Accordingly, a more convenient form of the equation 
for practical application is 


4 

db] _ Qm 
ro a ee 0.12D [$75 
in which the terms have the following units: 


(4) = rate of filtration, barrels of filtrate per hour, 


d6/. 
L = length of filter, ft. 


L 


ll 


or 


= rate of filtration, barrels of filtrate per hour per foot of filter, 


D = internal diameter of filter, in. 

Q = rate of axial mud flow, bbl. per min., 

M = hydraulic radius of annular space between filter and pipe, in., 

m = filtration constant of mud under existing conditions, sq. cm. 
per sec. 


Application 


In the application of this equation to particular cases, it is found con- 
venient to employ graphical methods to facilitate computation. 

Computation of m.—Since the c value in routine evaluation is usually 
negligible, a plot of V at given lengths of time against m may be employed 
to obtain m values for muds run in the usual type of wall-building tester 
at 100 lb per sq. in. Such a plot is given in Fig. 5. 

Although m should preferably be determined at the pressure differ- 
ential and temperature existing in the well, it is possible to obtain a fair 
approximation of this value from routine wall-building tests at 100 lb. 
per sq. in. and atmospheric temperature. 


The value of s, the cake-compaction function, has been determined . 


from a large number of runs on Gulf Coast muds. From the averages 
(s decreases with increasing mud weight) of these values, Fig. 6 has been 
constructed. Computation has further been simplified by introduction 
of normal Gulf Coast formation pressures to give differential pressures 
between the hydrostatic head of mud and formation pressures directly. 
Thus, the pressure-correction factor for m for mud of any weight at any 
depth is readily found. 

Because of the erratic variation of m with temperature, eae approxi- 
mate rules can be formulated. Generally, in the Gulf Coast area, 
increased temperature will cause m to double for every 5000 ft. of hole 
drilled with unweighted muds, and with heavily weighted muds m will 
double every 10,000 ft. of hole, 
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: dV 
Computation of 4 .—Graphs may be constructed for a given 


hydraulic radius, showing the relation of m to (4), at various rates of 


mud flow. Such a graph, for the particular case of 6-in. drill collar in 
834-in. hole is shown in Fig. 7. The use of this is obvious. 

Distance of Penetration of Filtrate—The relation of distance of penetra- 
tion to time for various rates of filtration is shown in Fig. 8, with the 
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Fig. 5.— RELATION OF VOLUME OF lly AT TIME 6 TO-m VALUE OF MUD IN 
COMMERCIAL FILTER. 


permeable formation assumed to have a porosity of 25 per cent, and 80 per 
cent of the reservoir fluid assumed to be displaced by the filtrate. 


Example of Use 


To illustrate the use of the equation, an example met in practice may 
be cited. It is desired to compute the distance of penetration of the 
filtrate into a producing sand approximately 6000 ft. deep, the hole being 
bottomed at this depth. The data are: 


Size of hole: 834 in. Mud: weight: 9.8 lb. per gal.; filtration: 
Size of drill collar: 6 in. 29 c.c. in 30 min. in wall-building tester 


Pump: 20-in. stroke, 734-in. liner, 37 at 100 Ib. per sq. in. and 80° F 
cycles per min. 


The rate of mud circulation, assuming 85 per cent volumetric effi- 
ciency for the pump, is readily computed to be 12 bbl. per minute. 

From Fig. 5, the m value of the mud is 2 X 107%. By reference to 
Fig. 6, the pressure-correction factor is found to be 1.2; the temperature- 
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Fic. 6.—APPROXIMATE CORRECTION FACTORS DUE TO PRESSURES FOR m. 


Normal Gulf Coast formation pressure only. 
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correction factor, from the empirical rule cited previously, may be 
assumed to be 2.4 (from the depth of hole, 699% 99 X 2). The cor- 
rected m then is 5.8 X 1074. 

From Fig. 7, the rate of filtration is found to be 0.15 bbl. per hr. per 
foot of hole. Assuming that one volume of filtrate displaces the reservoir 
fluid from five volumes of sand, the distance of penetration is found from 
Fig. 8. Thus, when 6 = 4hr., Z, the distance of penetration, = 1.9 ft.; 
when 6 = 8hr., Z = 2.9 ft.; when @ = 24hr., Z = 5.4 ft.; when 0 = 168 
hr., Z = 14 ft. and when @ = 720 hr., Z = 30 feet. 


FILTRATION witH No Mup FLow 


When there is no axial mud flow, as when drill pipe is withdrawn from 
open hole, the hydraulicking effect of the mud stream is obviously absent. 
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Fig. 8.—DIsTANCE OF PENETRATION OF PERMEABLE STRATA BY FILTRATE ASSUMING 
25 PER CENT POROSITY AND 80 PER CENT FLUID DISPLACEMENT. 


In this case, the area of the filter cake exposed to the mud becomes smaller 
as the cake becomes thicker, until finally, when the hole is completely 
filled with filter cake, the exposed area becomes zero. 

Filtration Equation—By a mathematical treatment similar to that 
used in the development of the filtration equation for the simple labora- 
tory filter with no mud agitation, it is possible to arrive at an approximate 
relation for the “radial flow” case. This involves only the factors 
involved in the ‘‘linear flow” case, and of course, the dimensions of the 


cylindrical filter. This relation is 


imo vV.\ , 4eLo'f(P) _ _4aLP'* 
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where rp = radius of cylindrical filter, L = length of cylindrical filter, 
and the other symbols are as previously defined. 

It can be shown that this equation reduces to that of the “‘linear”’ case 
when the cake thickness is small compared to the radius of the filter. 

Experimental.—The filtration curve of a Gulf Coast mud, with no 
axial mud flow, as compared with the calculated curve, is shown in Fig. 9. 
In calculating the theoretical curve, the values of the constants were 
obtained from simple “linear” evaluation; the deviation of the theoretical 
from the observed is due to the neglect of the resistance of the por- 
ous pnw 
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Fig. 9.—RaDIAL FILTRATION OF GULF CoAST MUD WITH NO AXIAL MUD FLOW. 
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Complete Filling of Hole with Filter Cake-——From this equation, it is 
possible to obtain the relations giving the time necessary for complete 


filling of the hole with filter cake, as well as the cumulative value of | 


filtrate at this time. Denoting these values by the subscript c, it is 
found that 


wR'(1 — 8)ro? 


Ge = “gop 
~ 2Qmv? 
Vik mro°L 
v 


For the Gulf Coast mud previously illustrated, v was found to be 
0.13; the time for complete filling of the hole by the cake would be 


6. = 6.6 X 108 sec., or 1.8 X 10 hr. 
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For a mud of poor quality, the time for complete filling may be con- 
siderably less; for a mud from West Texas having m = 5.0 X 107? and 
v = 0.15, under the same conditions, 


6; = 4.7 * 104 sec., or 13 hr. 


It follows that complete filling of the hole during normal operations is 
liable to occur only with muds of unusually bad filtration characteristics. 


CONCLUSIONS 


It is evident that infiltration may present a serious problem in certain 
cases; a study of the factors involved suggests the best remedial measures. 

Since the dimensions of hole and rate of mud circulation are usually 
fixed by drilling conditions, variation of these to reduce filtration is 
impractical. Mud control obviously is the solution. 

While each mud presents a different problem with regard to securing 
optimum filtration properties, certain generalities can be stated; (1) that 
dispersing agents reduce filtration, while coagulating agents increase 
filtration; and (2) that the predominance of particles of colloidal dimen- 
sions ordinarily is conducive to low filtration rates. 
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DISCUSSION 
(M. T. Halbouty presiding) 


R. W. Wuson,* Houston, Tex.—Mr. Williams has presented a timely contribu- 
tion to the art of drilling wells. It is a method of interpretation that makes much 
more valuable the standard static mud-filtration test that has already proved extremely 
useful and describes an application of this test to many of the problems of drilling, 
logging and completing oil and gas wells. 

The results on the distance to which water from drilling muds may penetrate 
permeable bodies are startling and certainly emphasize the importance of maintaining 
drilling muds that will allow a minimum amount of filtrate to penetrate the formations. 

The empirical relationship that was developed to estimate the steady rate of filtra- 
tion is simple but takes into account most of the important variables related to the 
problem except the texture—toughness and brittleness—of the cake deposited, which is 
notably absent from consideration. Mud cakes vary widely in texture and it may be 
expected that these properties will affect the rate of erosion of the cake by the mud 
stream, which is important in determining the equilibrium filtration rate. 


W. E. Winn,t Dallas, Texas.—Io several instances we believe the filtrate from 
drilling muds has served to give erroneous results from drill-stem tests. We believe 
that this filtrate has not only pushed back into the capillaries, forcing the oil ahead of 
it, but that also it has caused the small amount of bentonite present in most southwest 
Texas sands to swell and partly plug the hole. Consequently, when the tool is opened 
on a drill-stem test, the oil is delayed so long by the necessity of breaking down the oil- 
water interface, opening the partly plugged capillary channels, and discharging the 
filtrate from the sands, that the tool is closed before the oil reaches the hole. 

Have you studied the effect of filtration of drill-stem tests? Also, have you studied 
the filtration effect on the fluid contents of cores? 


M. Wittt1aMs (author’s reply).—Although I have no positive knowledge of any case 
in which excessive filtration has prevented oil from entering the hole on a drill-stem 
test, that this could and has happened is a distinct possibility. In this connection, the 
difficulty of bringing in wells in many fields may be mentioned. In many cases, wells 
cannot be brought in until much water, presumably lost from the drilling mud, has 
been swabbed out of the producing formation. 

The displacement of the original fluids from cores is apparently quite a different 
process from the radial flow of filtrate into strata around the well bore; the factors 
affecting contamination of cores by the filtrate have not been evaluated. Regardless 
of what other factors may be operative, however, this contamination would be expected 
to decrease with decreasing mud filtration as determined in routine ‘‘wall-build- 
ing”’ tests. 


* Chief Chemist, Baroid Sales Department, National Lead Co. 
| In charge of chemical work for Production Division, Sun Oil Co. 


Detection of Radioactive Cement in Cased Wells 


By Lynn G. Howruu* anp ALEx FRoscH* 
(Galveston Meeting, October 1939) 


In a previous article! we have described a technique for measuring the 
relative intensities of gamma rays from the radioactive elements occurring 
naturally in geological formations along the walls of a borehole. The 
apparatus consisted of two Geiger-Miiller tubes mounted inside a pressure- 
tight chamber. Each counter tube was coupled separately to an amplifier 
and a frequency meter at the surface by means of a multiconductor cable 
upon which the chamber was suspended. The output currents of the 
two frequency meters were recorded on a photographic paper as the 
chamber was moved in the hole. These traces showed remarkable 
correlation with the geologic formations, as evidenced by comparison 
with commercial electrical logs.2, Owing to the penetrating power of 
the gamma rays, logs may be taken in both open and cased boreholes. 

The apparatus has recently been changed somewhat. One of the 
counter tubes has been removed and a stage of amplification has been 
added inside the chamber. This arrangement seems to give a more 
favorable signal-to-noise ratio and satisfactory logs can be now made in 
cased holes and also in open holes as previously. Briefly described, the 
chamber moving in the hole is made of 314-in. drill pipe and is about 
10 ft. long. There is an additional extension about 2 ft. long at the top, 
inside which cable connections are made. The Geiger-Miiller tube is 
mounted inside the bottom end of the chamber. Above this is the 
vacuum-tube amplifier with its batteries and transformer. In the top 
part of the chamber, small 45-volt batteries are mounted, which in part 
supply the high voltage for the counter tube. Additional voltage is 
supplied from the surface through the multiconductor cable upon which 
the chamber is suspended. Also, the output of the transformer in the 
single-stage amplifier is coupled to another single-stage amplifier at 
the surface through this cable. The surface amplifier is coupled to the 
Thyratron-controlled frequency meter, the tank circuit of which consists 
of a one megohm resistor across which is a bank of condensers varying in 


Manuscript received at the office of the Institute June 5, 1939. Issued as T.P. 
1113 in Perroteum Tecunotocy, November 1939. 
* Geophysics Department, Humble Oil and Refining Co., Houston, Texas. 
1L. G. Howell and A. Frosch: Geophysics (1939) 4 (2), 106. 
2C. and M. Schlumberger and E. G. Leonardon: Trans. A.I.M.E. (1984) 110, 237. 
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discrete steps from 4 to 28 microfarads. The output current of the 
frequency meter, which varies with the number of pulses per unit time, is 
recorded on a photographic paper as the chamber moves in the well. 
Thus a continuous record of the pulse ‘‘frequency,” which is proportional 
to the radioactivity of the environs of the Geiger-Miiller tube, is recorded 
as a function of depth. 
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Fig. 1—CoMPARISON OF GAMMA-RAY LOGS AND ELECTRICAL LOGS IN THE UPPER 
SECTION OF A GULF CoAsT WELL. 


Sample open-hole and cased-hole gamma ray logs are compared with 
commercial electrical logs in Figs. land 2. The depths are plotted in the 
horizontal direction. The electrical log taken in open hole is shown at 
the top in the two figures; next is the gamma-ray log taken in open hole; 
and finally, at the bottom, is the gamma-ray log in cased hole. In the 
customary fashion, the impedance increases in the upward direction; 


LYNN G. HOWELL AND ALEX FROSCH 73 


the potential curve is arbitrary, showing relative changes of the potential 
of the moving electrode with respect to a fixed electrode at the surface, 
the potential ef the moving electrode increasing positively in the upward 
direction ; the radioactivity curves show increases in the downward direc- 
tion. The zero-frequency line for each gamma-ray log is shown above the 
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Fic. 2.—CoMPARISON OF GAMMA-RAY LOGS AND ELECTRICAL LOGS IN THE PRODUCING 
SECTION OF A GULF COAST WELL. 


curve. ‘This line is never touched in practice, of course, since there is 
always a background count from the apparatus and environs even though 
a formation with no radioactivity could be realized. No attempt is 
made to evaluate the background count because not only the apparatus 
but also the mud in the hole and the casing contribute to the background 
in a fashion that would be very difficult to determine. There are chance 
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variations in the gamma-ray curves, the magnitudes of which decrease 
with the time constant? of the tank circuit of the frequency meter. The 
gamma-ray curves in Fig. 1 were taken with a smaller time constant in 
the tank circuit and with a greater speed of the chamber (the spacing of 
the depth lines bears no relation to the speed of the chamber). The 
speeds were of the order of 25 ft. per min. and 9 ft. per min., respectively. 
The gamma-ray logs in Fig. 1 were taken at a depth shallow enough in 
the casing such that there is little likelihood of any cement behind the 
casing. Comparison of the absolute magnitudes of the open-hole and 
the cased-hole logs reveals that there is some absorption by the casing; 
the outstanding features of the log are retained. The logs in Fig. 2 were 
taken in the bottom producing section of the well. The casing was set 
at 4305 ft. (drillers’ measurements). Lateral shifting of the patterns 
of the logs show that there is a discrepancy of a few feet in the various 
depth measurements of the logs. The interesting point is that below the 
neighborhood of 4305 to 4310 ft., the two gamma-ray logs, which were 
both recorded in open hole, follow each other closely in magnitude, and 
above this region there is an upward shift of the cased-hole gamma-ray 
log. This indicates a decrease in gamma ray intensity caused by the 
absorbing effect of the casing and the cement back of the casing. Except 
for the shift, the broad pattern is maintained. 

As in the earlier investigation, the gamma-ray logs show a remarkable 
correlation with the electrical logs. In general, the sands show up as 
radioactive ‘‘lows”’ and the shales as radioactive ‘‘highs.” 


CEMENT DETECTION 


The gamma-ray logging apparatus has been used in connection with 
another interesting problem. The presence of cement behind the casing 
in a well can be detected by mixing a radioactive substance with the 
cement before it is pumped into the well and afterward running a gamma- 
ray survey. 


In our work, we have mixed carnotite, containing of the order of © 


10 per cent uranium oxide, with the cement. Fig. 3 shows gamma-ray 
surveys made in three wells in which the cement was treated with 
carnotite. These wells were all situated in the same Gulf Coast field and 
all were cemented with 230 sacks of cement or cement-sand mixture. 
In well No. 1 probably between 100 and 200 lb. of carnotite was added to 
the cement. The ore was distributed throughout the cement except 
for two batches of 50 or 60 sacks each. In these logs radioactivity 
increases in the upward direction. The sensitivity is lower than that 
shown in the previous figures; also the speed of the chamber in the hole 
can be made as high as 50 ft. per min. There is a sharp upward break on 


‘L. I. Schiff and R. D. Evans: Rev. Sci. Instr. (1936) 7, 456. 
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added do not remain in a lump intact as they are pumped down the hole 
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the top log at a depth of about 5090 ft., which would indicate the top of 
In well No. 2, 25 lb. of carnotite was added 
to the first few sacks of cement pumped into the well. The radioactivity 
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and up the outside of the casing. In well No. 3, 36 lb. was added to the 
first batch of cement. The surprising fact in this well is the small height 
of the column of cement behind the casing. Although there is about the 
same amount of casing and cement in wells 2 and 3, yet there is a differ- 
ence of about 600 ft. in the height of the cement in the two wells. Also, 
although more carnotite was added to the cement in well No. 3 than in 


TEMPERATURE LOG 


GAMMA-RAY 


INCREASES 


RADIOACTIVITY 


/ 5100 $200 5300 5400 5500 5600 5700 5800 5000 
eet +———+ t a - 

DEPTH IN FEET 
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DETERMINE THE TOP OF THE CEMENT BEHIND THE CASING. 


No. 2, the shaded area on log No. 2 is greater than that on log No. 3. 
Since the area under the curve gives a qualitative measure of the ore 
detected, there is an indication that some of the ore, and probably some 
of the cement, was side-tracked somewhere in well No. 3. 

To find whether the upswing in the gamma-ray logs represents the 
actual top of the cement, a temperature survey was run in well No. 3; it 
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Fic. 5.—GAMMA-RAY LOG USED IN LOCATING “SQUEEZED” CEMENT. 


is possible to detect cement when it is setting, by the heat generated in 
the process. Fig. 4 shows a comparison between the gamma-ray log and 
the temperature log. The continuous temperature line was obtained 
going in the hole, and the broken line was obtained coming out. 
Although there is a lag between the two curves, the average of the two 
points, at which the temperature breaks up, agrees as well as could be 
expected with the break on the gamma-ray curve. It is interesting that 


LYNN G. HOWELL AND ALEX FROSCH 77 


a sharper break is obtained on the gamma-ray curve than on the temper- 
ature curve. 

In a so-called squeeze cement job, the cement is pumped out through 
perforations behind the casing after the casing has been set and cemented. 
It is of interest to investigate where the cement is squeezed, since, as a 
rule, an attempt is made to seal off water or gas sands by means of this 
second cementing. There may be difficulties in getting information 
concerning the location of the cement from a temperature survey. For 
example, it is usually necessary to make a survey soon after the mud has 
been circulated in the hole during the drilling out of the cement left 
inside the casing; this mud circulation, of course, disturbs the temperature 
distribution along the casing; also, the old cement behind the casing has 
an insulating effect. 

By using the gamma-ray method we have been able to detect the 
cement squeezed behind the casing. Fig. 5 shows a survey in a well in 
which three stages of squeezing were performed. In each of the first 
two stages, 35 sacks of cement was pumped down; in the third stage, 17 
sacks. About one-half pound of carnotite per sack of cement was mixed 
in with the cement. ‘Two curves are shown, one being a repeat of the 
other. These logs indicate that a 
sizable body of the cement, the position 
of the cement being represented by the 
shaded area, moved up the casing 
about 60 or 70 ft. from the perforated 
zone, indicated at the lower part of the 
diagram. 

Fig. 6 shows a survey made in 
another well, in which the cement had 
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ore was again one-half pound of carno- 

tite per sack of cement; 61 sacks were squeezed out. In this well, the 
cement remained near the zone of perforation. The magnitudes of the 
changes in radioactivity cannot be compared with those in the other 
squeeze job because the sensitivity is different. 


CoNCLUSION 


The gamma-ray well-logging apparatus has reached the stage at 
which it can be put to use in both open and cased holes in a variety of 
problems. An interesting application is the detection of radioactive 
cement just described. The method is more flexible than the temper- 
ature method in that it is not necessary to make the survey while the 
cement is still setting up; also, the circulation of mud has no disturbing 
effect, and, finally, the concentration of ore added to the cement can be 
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varied to give a sufficiently large change in gamma-ray intensity even 
though the treated cement may be pumped behind the old cement. 
However, it must be remembered that the locations of formations 
behind radioactive cement cannot be found with the gamma-ray method 
described, since the feeble radioactivity of the formations is masked by 
the strong radioactivity of the cement. 

Other obvious applications of the method in wells have been sug- 
gested, such as the detection of radioactive acidizing agents, plugging 
agents, gels, and so on. The general idea of introducing radioactive 
cement in wells was advanced by Mr. S. E. Buckley, of this company. 


Chapter II. Engineering Research 


Visual Studies of the Flow of Air-water Mixtures in a 
Vertical Pipe 


By Sytvan Cromer* anp R. L. Huntineron,+} Memspers A.I.M.E. 
(San Antonio Meeting, October 1938) 


Tue need for a clear understanding of the physical nature of the flow 
of gas-liquid mixtures in vertical pipes is ever becoming more apparent. 
_ This type of flow is encountered when gas and oil are produced from a well; 
when water is removed from gas wells with siphon lines and when liquids 
are elevated by means of air or gas lift. Although a number of investi- 
gators!—7 have published data on the flow of gas-liquid mixtures, in only a 
few cases has the experimental setup been devised to permit visual study. 
In the fields of heat transmission, such as the boiling of liquids and the 
study of the critical phenomena of the hydrocarbons, researchers have 
been able to throw additional light on heretofore unexplainable happen- 
ings through actual observation in glass apparatus. This investigation 
was therefore undertaken in order to obtain qualitative as well as quanti- 
tative results for air-water flow. 


EXPERIMENTAL APPARATUS AND PROCEDURE 


The flow column used in these tests was made of standard 2-in. pipe 
and was approximately 98 ft. in height. Pyrex observation sections 2 ft. 
long having the same internal diameter as the wrought-iron pipe were 
placed at 14-ft. intervals in the column. The bottom of the tube was cut 
off square and terminated in the mixing chamber. No perforated nipple 
or footpiece of any kind was used. To the top of the column was fastened 
a semicircular return bend having a 4-ft. radius. 

The flow column was supported by a standard cable-tool drilling 
derrick (Fig. 1) into which were built observation platforms at each 
Pyrex section. 

The data given herein are taken in part from the thesis presented by Sylvan Cromer 
in partial fulfillment of the requirements for the Degree of Master of Science in 
Engineering at the University of Oklahoma in 1937. Manuscript received at the office 
of the Institute Nov. 4, 1938. Issued as T.P. 1080 in PeTroLEuM TECHNOLOGY, 


August 1939. 
* Present address, Louisiana State University, University, La. 
} Professor, Chemical Engineering, University of Oklahoma, Norman, Okla. 
1 References are at the end of the paper. 
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Compressed air for the test was taken from the University lines and 
reduced in pressure with a weight and lever type regulator (Fig. 2). A 
control valve was used to regulate the rate of flow into the mixing tank. 
The air passing into the flow tube was measured with a standard recording 
orifice flowmeter. A two-pen thermometer recorded the air and 
water temperatures. 

The water circulated by gravity from a tank mounted at the top of the 
derrick through a control valve and orifice flowmeter into the mixing tank. 
Here it was mixed with the air and 
after passing upward through the flow 
tube was discharged back into the tank 
at the top of the derrick. By proper 
manipulation of the two control valves, 
any air-water ratio at any desired sub- 
mergence could be obtained. A water 
pump was used only for charging the 
system and not for the circulation of 
water. 

The control valves, recording flow- 

| meters, gauges and thermometer are 
grouped on one panel so that the entire 
operation of the flow tube could be 
conveniently handled by one operator 
(Fig. 3). 


Discussion OF RESULTS 


The original data obtained during 
this investigation are presented in 
(Fig. 4), showing the characteristic 
curves for various air-water ratios and 
flow rates, as well as the efficiency curve 
for the different rates. The efficiency 
was based on the ratio of the actual 
work done in lifting the water to that 
r of the theoretical work done by the 

TGs —Fu LOW COLUMN SUPPORTED BY . re 
DRILLING DERRTON. isojthermal expansion of ithe gas 
throughout the height of the “column. 
Calculations show that the kinetic energy of the stream was negligible for 
the high rates compared with the expansive energy of the air. 

Shaw’ calls attention to four points, significant in the operation of an 
air-lift pump: (1) the point of no flow due to a deficiency of air; (2) the 
point of maximum efficiency ; (3) the point of maximum yield; (4) the point 
of no flow due to an excess of air. 
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Fig, 2.—APPARATUS FOR STUDYING FLOW OF MIXTURES OF GAS AND LIQUIDS IN A 
VERTICAL PIPE, 


Fic. 3.—CoNnTROL AND METER PANEL. 
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As the air-water ratio needed to produce one of these points in any 
flow column is dependent upon submergence, these tests were made at a 
constant submergence equivalent to 32.8 ft. of water, an arbitrarily 
chosen level. 

Point of No Flow Due to Insufficient Air —If the air enters the bottom 
of a flow column at an extremely low rate, it will merely rise to the surface 
of the liquid in small bubbles. Any bubbles over 1 in. in diameter formed 
small semispheres which were flat on the bottom. At slightly higher air 
rates, the bubbles merged before passing the first and second observation 


Distance from Bottom of Flow Column (feet) 


22 24 26 28 30 32 34 36 38 40 42 


Number of Water Pistons per Minute 


Fic. 7.—CuRvE SHOWING NUMBER OF PISTONS OF WATER PER MINUTE PAST ANY GIVEN 
POINT ON THE FLOW COLUMN. 
Length of column 98 ft.; 2.04 in. inside diameter. Air-water ratio 28.7 cu. ft. per 
barrel (point of maximum ‘efficiency). 


sections, forming short bullet-shaped slugs. An air-input rate of 3000 
standard cubic feet per day produced well-formed bullet-shaped slugs 
(Fig. 5a) in the first observation section 2 ft. above the inlet. At 16 ft., 
a number of small, round air bubbles were observed following each bullet- 
shaped slug. At 32.6 ft. all of the water between these slugs was aerated 
but each slug produced higher aeration, as may be observed in Fig. 5b. 
At 60.8 ft., the appearance was much the same except that the portion of 
aerated water between the slugs had almost reached the froth stage. 
The bubbles were all of a fairly uniform diameter and were arranged in 
symmetrical rows inside the column (Fig. 5c). The top of the aerated 
column may be seen in the glass 93.6 ft. above the inlet in He 5d. The 
mixture was frothy in appearance at this point. 
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Point of Maximum Efficiency.—The minimum air-water ratio of 37 cu. 
ft. per barrel was reached with an air-input rate of approximately 9000 cu. 
ft. per day (Fig. 4). In the bottom observation section (Fig. 6a), the air 
was observed entering at a uniform rate and no slugs or pistons were 
apparent. At 16 ft. up, however, owing apparently to slippage, alternate 
pistons of water and air were seen. As the mixture ascended the column, 
these short pistons apparently merged to form longer ones. The air 
piston was at all times surrounded by an annular ring of water that flowed 
downward along the sides of the pipe 
(Figs. 6b and 6c). The merging of 
the pistons just mentioned seemed to 
be timed uniformly, as it was possible 
to count them as they passed each 
observation station. The pistons of 
water became progressively longer as 
the mixture ascended the column. 
Likewise, the water velocity appar- 


tower. The number of water slugs 
passing each section per minute is 
shown in Fig. 7. 

Point of Maximum Water Flow.— 
When the air rate was increased to 
45,000 cu. ft. per day the maximum 
yield of 580 bbl. of water was ob- 
tained with an air-water ratio of 60.3 
cu. ft. per barrel. The water and air 
was observed passing the lower sec- 
tions as a uniform mixture (Fig. 8a), 
but at about 32.6 ft. (Fig. 8b) pistons 
started forming and this type of flow 
prevailed to the top of the column 
(Figs. 8c and 8d). The pistons pass- ee a 
ing each observation glass were short #14 eee. ay det Ce 
and were moving too rapidly to be 
counted, as was done in the previous tests. The downward flow of the 
water around the air pistons was no longer prevalent. Because of the 
absence of this reversal of direction of flow, it might seem at first thought 
that this should be the point of maximum efficiency. The difference 
apparently is due to the increased friction losses caused by the higher 
velocities, occurring with the maximum yield. 

Point of No Flow Due to an Excess of Air.—As the air rate was increased 
above 35,000 cu. ft. per day the flow of water diminished. The pistons 
gradually disappeared and the water appeared to be traveling both as 
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droplets suspended in the air stream and in an annular ring along the 
sides. A further increase caused the core of air to carry less and less water 
until it became comparatively free of it and the water rippled upward 
along the sides of the flow tube (Fig. 9) in the annular ring reported by 
Gosline.2 When the air rate was increased sufficiently, the friction loss 
produced by the air flowing through the pipe became greater than the 
hydrostatic head of water. This obviously prevented water from enter- 
ing the pipe and a second condition of no liquid flow was reached. 
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DISCUSSION 
(EZ. P. Hayes presiding) 


R. L. Huntineron.—This work brings out clearly the importance of making visual 
observations of various physical processes and phenomena whenever it is feasible to do 
so. We have recently attempted to obtain density gradients on a mixture of air 
and water flowing vertically through a 100-ft. column equipped with several 1-in. 
quick-closing Merco stopcocks. These stops could be closed instantaneously during a 
flow run and the water in each section weighed. Had the visual tests been taken 
before the attempt was made to obtain the density gradients, it would have been much 
easier to explain the erratic density gradients that come with the piston-type flow. 


T. A. Pottarp, Whittier, Calif—I wonder if any attempts were made to approxi- 
mate the velocities of flow in the glass tube at the rates of maximum flow and maximum 
efficiency? The mean starting velocity at the base of the tube, as related to the pres- 
sures involved, would be of interest. Also, the over-all average velocity of all fluids 
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‘passing through the tube would be of some interest. It appears to me that a yrela- 
tively close determination of the latter velocities might be obtained by using the 
familiar Q/A = V equation (Q = volume of fluid flowing per unit of time; A = cross- 
sectional area of the tube; V = mean velocity at the cross section). The useof dye at 
the time of the experiments might have given a general idea of ithe.average velocities; 
i.e., the length of time required for dyed water to flow from ithe 'battam of the tube to 
the top would have indicated the over-all average liquid welocities. Having 
determined the proper velocities for maximum flow and maximum efficiency, some 
application of the data might then be made to gas-lift problems. 


8. F. Saaw,* San Antonio, Tex.—This paper by Cromer and Huntington is impor- 
tant in pointing the way toward an analysis of air-lift flow, which as yet is but imper- 
fectly understood. The practical side of gas-lift flow lies in answering two questions: 
(1) How much compressed gas at a given pressure is required to lift one barrel of a 
given liquid through a pipe of given length and diameter? (2) What is the capacity of 
a pipe of given length and diameter for a liquid of a given character, when operating 
under a given bottom-hole flowing pressure? If these questions could be answered for 
any and all conditions, the practical side would be covered. Several attempts have 
been made to analyze the problem and yet no satisfactory answer has been forthcom- 
ing, and we are entirely dependent upon actual tests covering a given range as a guide 
for a similar operation. 

Observations on the character of the flow in the pipe are important. The work 
done by Cromer and Huntington at Oklahoma University, and that by Gosline at the 
University of California, although covering a very short range of possible operations, is 
already beginning to throw some light on this subject. 

Under very low velocity and in small diameter of flow pipe, the air is seen to move 
upward as a piston; under high velocity, the air moves as a cylinder through the central 
portion of the pipe while the liquid is dragged along the surface of the pipe in the form 
of ripples or annular rings. Does this action account for the low efficiencies under 
low submergence percentage? 

The experiments carried out at the University of Oklahoma were conducted through 
a small pipe of very short length compared to oil-field practice. The velocity at the 
top under condition of maximum efficiency was 5.5 ft. per second; under condition of 
maximum capacity the velocity was 25.6 ft. per second, and under condition of no 
flow due to insufficient gas the velocity was 1.6 ft. per second. There is doubt as to 
the fourth condition of no flow taking place at rate of 8,000,000 cu. ft. of air per day. 
The writer’s experience would suggest that this would take place at less than 1,000,- 
000 cu. ft. per day under the conditions of submergence and diameter and length of 
pipe used. These velocities appear to cover a wide range, and yet much wider ranges 
are covered in oil-field operations in deep wells. 

The lifting efficiency of 42.5 per cent at point of maximum efficiency, with sub- 
mergence of 33.2 per cent, is high for a pipe of 2-in. diameter, compared to which the 
lifting efficiency of 17 per cent at point of maximum capacity is low. But these 
figures are higher than Gosline’s, who used pipe 1 in. in diameter. This brings out the 
point that lifting efficiency is greater for a given submergence as the diameter of the 
pipe increases, a fact that has been observed by the writer in many tests on oil wells. 
Perhaps this will be explained eventually by the difference in the character of the flow 
when using pipes of different diameters. 

A careful study of this subject would result from the visual study of flow through 
pipes ranging from }4 in. to perhaps 6 in. in diameter, and in length from perhaps 10 to 
1000 ft., and under flowing pressures ranging from 1 lb. to 500 lb. per sq. in. The 
greater lengths, perhaps, would have to be studied in a mine shaft. 


* Consulting Engineer, Westgate Oil Co. 
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Messrs. Cromer and Huntington are to be commended for their studies as presented, 
especially for their moving pictures, shown at the San Antonio meeting, and it is 
hoped that this paper will stimulate the desire for a more extended series of sim- 
ilar observations. 


S. Cromer (authors’ reply).—Dr. Huntington and I both believe that because of 
the slippage of water down the sides of the column any dye injected at the base of the 
column as suggested by Mr. Pollard would be so diffused that measurement of veloci- 
ties by this method would be impractical. However, as the actual mechanics involved 
in putting the die into the flow stream would be simple, I believe the results might 
justify trying the method. A great deal might be learned about the nature of the 
slippage even if quantitative data could not be obtained. 

Inlet and exit velocities may be calculated by the equation Q = AV because the 
quantity of liquid and vapor and the pressure at both ends are known. Intermediate 
velocities are more difficult to obtain because the ratio of water to air is variable. 
This, along with intermediate pressures, is needed to determine the density of the mix- 
ture. The flow column, equipped with quick-closing valves, described in Dr. Hunting- 
ton’s discussion, was built in an attempt to determine these intermediate velocities. 

Mr. Shaw’s comment regarding the fourth condition (no flow due to an excess of 
air) is correct. This condition, as explained in the paper, is obtained when the friction 
loss due to vapor passing through the flow column is equal to the liquid pressure. This 
prevents any liquid from entering the base of the flow column. As a sufficient quan- 
tity of air was not available to obtain this point experimentally, it was calculated by 
use of Weymouth’s equation. It is equal to 803,000 cu. ft. per day, not 8,030,000 as 
shown. ‘The error was made in plotting the curve (Fig. 4). 

Experiments have been made at Oklahoma University using a 1-in. flow tube in 
which the entire range of air-water ratios from no flow due to insufficient air to no flow 
due to an excess of air at several constant submergences were studied. The shapes of 
the actual curves were similar to one shown in our paper. Data on curves obtained by 
these experiments may be obtained from the author’s graduate thesis, ‘‘The Flow of 
Air-water Mixtures in Vertical Pipes,” from the Oklahoma University Library. 
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Flow of Gas-liquid Mixtures through Consolidated Sand 


By Hortsroox G. Botsmtr* 
(Galveston Meeting, October 1939) 


EXPERIMENTs performed in this laboratory on the flow of gas-liquid 
mixtures through unconsolidated sands have been described and discussed 
in an earlier paper.‘ In these earlier experiments a definite relationship 
was found between the liquid saturation of a sand and its permeability 
to the liquid or gas phase. Furthermore, the nature of the sand, the 
permeabilities of the sands over a range between 17 and 260 darcies, 
appeared to have a negligible effect upon the saturation-permeability 
relation. Likewise experiments indicated that the viscosity of the liquid, 
or the substitution of an immiscible liquid for the gas phase, had only a 
very slight effect on the permeability-saturation relation. This con- 
clusion has since been definitely confirmed by the experiments of M. C. 
Leverett? on the flow of oil and water through unconsolidated sands. The 
sands used by Leverett were of very low permeability (between 6.8 
and 1.04 darcies), while the oil-water viscosity ratio varied between 
90 and 0.057. 

Since the sands that constitute petroleum reservoirs are largely con- 
solidated, although of widely varying degrees of consolidation, it was 
desirable to extend the experiments on gas-liquid mixtures to consolidated 
sand. In the study of consolidated sands additional variables are 
involved, but for the initial experiments the only new variable to be intro- 
duced was the cementing material. 


EXPERIMENTAL PROCEDURE 


A comparatively limited assortment of sandstones was available for 
the selection of the experimental material. Of these, the Nichols buff 


‘sandstone appeared to be most suitable. It gives no visual evidence of 


any bedding planes, it has a firm structure, permitting easy handling, 
and its permeability is about 0.5 darcy. Its only disadvantage is the fact 
that it contains an appreciable amount of ferric oxide which, for experi- 
ments involving water, will hydrate and reduce the permeability. This 


Manuscript received at the office of the Institute April 28, 1939. Issued as T.P. 
1111 in Perroteum Tecunotocy, November 1939. 
* Gulf Research and Development Co., Pittsburgh, Pa. 


4 References are at the end of the paper. 
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disadvantage was eliminated by thoroughly leaching the core with 
hydrochloric acid, thus dissolving all the ferric oxide, as well as any 
calcareous matter present; which made the core very stable chemically. 
In order to minimize the importance of experimental errors, a core of 
appreciable size was required, the dimensions being: length, 136.6 cm. 
(4.48 ft.); diameter, 10.2 cm. (4.0 in.). The core was accurately cut to 
these dimensions by a local stonecutter. This core was sealed, by means 
of pitch, into an insulating sheath so designed that electrical contact was 
made to the core around its entire circumference by means of bronze 
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Fie. 1.—D&sIGN OF PRESSURE RINGS. 


piezometer rings, through which the pressures also were measured. These 
pressure rings, details of which are shown in Fig. 1, are placed at 15.0-cm. 
intervals along the core, the two terminal rings being 7.4 and 9.2 em. from 
the ends. The remainder of the apparatus was the same as that used in 
the experiments on unconsolidated sands.? The assembled apparatus is 
shown in Fig. 2. In order to prevent gradual plugging of the core by the 
large volume of water that would be flowing through it in the course of 
the experiments, a pre-filter was placed in the flow line immediately 
preceding the core, as may be seen in Fig. 2. This pre-filter consisted of a 
section of Nichols buff sandstone 4 in. in diameter and about 1 in. thick 
sealed in a brass holder. Any substances in the water that might plug 
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the sand were thus caught by this pre-filter,! with the result that perme- 
ability measurements made on the sand column after months of experi- 
ments showed no decrease in the original permeability, the final over-all 
permeability being 0.500, while the original averaged 0.495 darcy. The 
supply tank was filled with freshly distilled water made slightly con- 
ducting by the addition of 3 grams of K,SO, per liter. 

Before the core could be filled with water, it was necessary to replace 
all the air in the system, including that in the pores of the core, by carbon 
dioxide. This was done by flowing carbon dioxide slowly through the 
system for several days and also repeatedly compressing the gas in the 
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Fic. 2.—ASSEMBLED FLOW APPARATUS. 


system and valving it to atmospheric pressure. When it was thought 
that the air had been entirely replaced by carbon dioxide, unsaturated 
water was flowed through the system under a slight pressure, dissolving 
the carbon dioxide and ultimately filling the system with dead liquid. 
Flow was continued until the constancy of the resistances of the eight 
sections of the core indicated that there was no more free gas in the 
system. A permeability measurement was then made and the results 
agreed very closely with the results of earlier permeability measurements 
made on other samples of the same sandstone. The permeabilities for 
the eight sections of the core were, respectively, 0.457, 0.489, 0.531, 0.516, 
0.493, 0.485, 0.511, 0.480, averaging 0.495 darcy for the entire core. 
This variation of about 16 per cent in permeability along a 5-ft. section 
of a very homogeneous sandstone gives some indication of the minimum 
variations of permeability to be expected in producing sands. The 
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porosity of the sandstone was 21.8 per cent and the pore volume of 
the core 2414 cubic centimeters. 

The experimental procedure for establishing the relationship between 
saturation and gas and liquid permeabilities was exactly the same as that 
used in the study of unconsolidated sands.*° 

In the initial experiments the saturation pressure was low (7 to 10 lb. 
per sq. in. gauge) and the fluid was flowed through the sand at a very 
slow rate in order to determine the value of the equilibrium saturation, * 
which was found to be 90 per cent. This agrees closely with the result 
obtained by a different method on a very small core sample of this same 
sandstone, discussed elsewhere.? In additional experiments higher satu- 
ration pressures were used and the curves relating gas and liquid perme- 
abilities were established. 


RESULTS 


The relations obtained between permeabilities and saturation for 
Nichols buff sandstone are shown in Fig. 83. The term “specific perme- 
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curves coincide, and in this region 
the gas permeability is essentially zero. Thefact thatthe liquid permeabil- 
ity curve for consolidated sand coincides with that for unconsolidated sand 
down to equilibrium saturation might be interpreted as indicating that 
the mechanism of the approach to equilibrium saturation is funda- 
mentally the same, regardless of whether or not the sand is consolidated. 
Furthermore, the initial plugging probably occurs in the larger pores, as 
indicated by the very large decrease in permeability for a small decrease 
in saturation. It is probable, from obvious considerations, that the 
larger pores are relatively less affected by cementation than the smaller 
ones, hence the process of plugging the larger pores of a consolidated 
sand with gas bubbles might be expected to correspond closely to the 
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same process for unconsolidated sands. Some idea of the rapidity of 
approach to equilibrium saturation may be obtained from Fig. 4. In 
this figure the fraction of the pores filled with gas is plotted against the 
total volume of free gas that has passed through the pores, including that 
which has been retained. The fraction of pores filled with gas rises 
linearly until approximately 11 per cent is filled with gas, after which 
additional gas passes through the sand with only negligible increase in 
plugging action. From this it may be concluded that, even in the case of 
consolidated sands, the initial gas coming out of solution as a result of 
pressure decrease is held in the pores until a certain definite fraction 
is gas filled, after which, if the gas-liquid ratio is maintained at a suffi- 
ciently low value, the gas continues to flow through the sand without 
displacing any additional liquid. 


Percent Of Pores Filled With Gas 


fo)! 
oO 0.5 1.0 lk: Ls 2-0 2.5 3.0 3:55 14-0 
Total Gas Volume (cc per cc of pore volume at av. press.) 
Fic. 4.—RATE OF DEVELOPMENT OF EQUILIBBIUM SATURATION. 


The effects of the many possible variations of the factors involved 
in the flow through consolidated sands make it very difficult to interpret 
the differences between the curves for consolidated and unconsolidated 
sands. This difficulty is further increased by the fact that only one 
consolidated sand has been studied, so that the magnitude of deviations 
among the various consolidated sands is unknown. It will suffice here 
to suggest some of the possible interpretations and leave to the future, 
when more data may be available, the decision as to the best approxima- 
tion to the real physical phenomena involved. 

It will be noted, from Fig. 3, that immediately below 90 per cent satu- 
ration the decrease in permeability for unit change in saturation is 
extremely rapid, a decrease in saturation from 90 to 82 per cent reducing 
the permeability by 60 per cent. From one viewpoint, this might be 
regarded as indicating a nonuniform distribution of pore sizes such that 
at this point a large number of pores, having about the same size, are 
being filled with gas bubbles and eliminated from the flow system, since, 
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although the liquid permeability decreases greatly, there is comparatively 
little increase in gas permeability. This is in line with the results 
obtained in another investigation on Nichols buff sandstone in which the 
saturation was obtained as a function of the rate of pressure decline.? 
Fig. 6 of the paper describing that investigation shows that between 
saturations of 82 and 90 per cent there is a very rapid change in saturation 
with comparatively small change in rate of pressure decline. This was 
interpreted as indicating that there is a nonuniform distribution of pore 
sizes and when a gas velocity is developed only slightly greater than that 
required to obtain equilibrium saturation, a large number of pores of 
about the same size become filled with gas, rapidly reducing the satu- 
ration until most of the pores of that particular size are gas filled. This 
rapid filling with gas would have a very great effect on the liquid perme- 
ability, because the larger pores would fill first and thus, under the com- 
paratively low gradients developed for this region of saturation, the liquid 
permeability should decrease very greatly over this (82 to 90 per cent) 
saturation region. 
In connection with this hypothesis, an analysis was made of the grain- 
size distribution of the sandstone. The results are shown graphically 
50- in Fig. 5. There is a comparatively large 
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saturation interval (90 to 82 per cent), in which these larger sized pores 
are being filled with gas. 

From another viewpoint, it will be noted that for liquid saturations 
between 82 and 90 per cent, the gas-permeability percentage is the same 
for both unconsolidated and consolidated sands, while the percentage of 
liquid permeability of the latter is considerably lower. This indicates 
that the energy loss in forcing the mixture through the sand is greater 
than for unconsolidated sands, and that this extra energy must be used 
on the liquid flow, since the gas-permeability curve in this region coin- 
cides with that for unconsolidated sands. The cementing material in 
the consolidated sand tends to round out the pore spaces and the interpore 
constrictions, therefore a small bubble of gas under a slight pressure 
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gradient might more easily be able to block a given pore outlet completely, 
preventing any by-passing past the bubble and forcing the liquid to 
flow through some side opening of the pore, thus greatly lengthening its 
path and reducing the apparent liquid permeability. In an uncon- 
solidated sand the comparatively very irregular interpore constrictions 
would tend to reduce the effectiveness of this plugging action to a mini- 
mum, and of course the effect would vary greatly with the nature and 
degree of cementation of a consolidated sand. Doubtless emphasis on 
other factors would permit the development of other hypotheses as to 
the physical phenomena involved, but the data so far available are not 
sufficient to be used as criteria in choosing any one explanation over the 
others. So further conjecture should await the acquisition of addi- 
tional data. 

Also, in regions of lower liquid saturation the gas-permeability per- 
centage is higher than for the corresponding saturation in the uncon- 
solidated sand. This might be expected from the smoothing out effect 


of the cementation on the inter- 


120 


ae 


pore constrictions and on the pore 
spaces, permitting the gas to flow 
more easily through thesand,once  '00 
its flowing mass is large enough to 
preventoreliminatethe formation go 
of single bubbles in single pores. 
Consolidated sand contains amuch 
larger proportion of very small 
pores, which make negligible con- 
tribution to the flow. Thesmall 4° 
pores of the unconsolidated sedi- 

ments are probably made much _ 20 
smaller by the process of cementa- 
tion, especially in a sand that con- 


idated Sand 


Unconsoli 


jee 


alls 


dated Sand 


Consoli 


Oo Nf Sarre ee A 2 6 

: : fo) 20. +40 60 80 100 
tains practically 15 per cent by Baorduisisiibectietor 
weight of cementing material. Fig. 6.—-GAs-LIQUID RATIOS. 


This is a factor, of course, which is 

very unfavorable to ultimate recovery and indicates that from the 
standpoint of permeability-saturation relations consolidated sands will, 
in general, show much lower ultimate recoveries than unconsolidated 
sands. This is brought out more clearly by comparing gas-liquid ratios. 
In Fig. 6 are plotted the ratios of gas-liquid permeabilities for the two 
sands, as read from the curves of Fig.3. The gas-liquid ratio rises much 
more rapidly and at a higher liquid saturation for the consolidated sand. 
It indicates that the recovery from the consolidated sand would be less, 
even for a practically infinite gas-liquid ratio, than from the uncon- 
solidated sand at a finite ratio. 
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Below a saturation of about 65 per cent, the permeability of the 
Nichols buff sandstone to liquid is very small, while production experi- 
ments on a small Nichols buff core indicated that the recovery curve 
becomes approximately asymptotic to a saturation of 65 per cent at 
extremely high gas-liquid ratios. 

It must be borne in mind constantly that the magnitude of these 
variations and differences will depend on the individual consolidated sand 
in question, and can only be determined in detail by actual experiments on 
the sand about which information is 
desired. However, it may be concluded 
that in general a sand containing a large 
amount of cementing material is apt to 
show a proportionally lower recovery 
than a sand of similar permeability and 
porosity, but with a small amount 
of cementation. 

In Fig. 7 are plotted the gas-liquid 
ratios in two sections of the sand column 
for a single experiment. It appears that 
for gas-liquid ratios below about 0.8, the 
saturation of the sandstone remains at 
its equilibrium value. It will be recalled 
that unconsolidated sands maintain their 
equilibrium saturation up to gas-liquid 
ratios of about 1.5. Apparently wide 
variations in grain size and cementation 
reduce slightly the maximum gas-liquid 
ratio at which equilibrium conditions 
can be maintained. This indicates that 
the forces involved in forming and dis- 
placing the tiny gas bubbles are of the 

same order of magnitude in both types 
Fie. 7.—GAS-LIQUID RATIO VERSUS : : 
SATURATION, of sand. The slightly lower maximum 
gas-liquid ratio for equilibrium condi- 
tions in consolidated sand is to be expected, since the effect of cementa- 
tion is, in general, to eliminate rough edges and sharp angles and to smooth 
the capillary passages through the sand. 


Experimental Gas/Liquid Ratio (cc/cc) 


Percent Liquid Saturation 


PRESSURE DECLINE 


Having a core of such comparatively large dimensions available, it 
next seemed desirable to make some experimental studies of production- 
decline phenomena. To do this the core was filled with gas-saturated 
liquid, the inlet valve closed and the outlet valve opened to atmospheric 
pressure. The rates of liquid and gas production were measured, as well 
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as the saturation distribution and pressure distribution along the core. 
These measurements were made at brief intervals until the production 
from the sand ceased. The pressure distributions at different intervals 
during the experiment are plotted in Fig. 8. These curves are in general 
agreement with similar pressure-decline curves calculated for linear flow 
in unconsolidated sand,‘ and are in general agreement with similar curves 
obtained by Reid and Huntington® for high-pressure experiments on 
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Fic. 9.—SaTURATION DISTRIBUTION ALONG SAND DURING PRODUCTION DECLINE. 


crude and natural gas. The first pressure curve (6 per cent production) 
shows a lower outlet pressure than the subsequent curves, which doubt- 
less is because very little free gas had had time to form in the outlet when 
the data for this curve were taken. After an appreciable amount of gas 
had begun to flow, a slight back pressure was built up in the outlet valve 
and tubing, thus raising the pressure slightly at the outlet face of 
the sandstone. 

In Fig. 9 are plotted the saturation distributions along the sandstone 
for successive stages of pressure decline. These curves show a rather 
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unexpected variation of saturation distribution with production, in that 
the progressing saturation curve exhibits an inflection, which begins at 
the outflow end of the sand and gradually passes along the column to the 
inlet end. The curve of final saturation also indicates that at the time 
of depletion there is higher saturation near the outlet of the sand than 
at the inlet. This appeared to be physically unreasonable and additional 
experiments were performed to check the reality of these phenomena. 
It was thought that possibly the manometers, which contained a certain 
amount of liquid, might, as the fluid levels in them varied with progressive 
depletion, make some contribution to the saturation distribution and 
hence might possibly be responsible for the observed saturation phe- 
nomenon. ‘To test this, the manometers were completely disconnected 
from the flow column and no pressure measurements were made. In 
addition, the end of the sand that had been the inlet during the process 
of filling with saturated liquid was made the outlet for the production- 
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decline experiment. As in the preceding experiment, the outlet valve 
was opened wide and the pressure allowed to decline at its maximum 
rate. The saturation distribution at various stages of decline is plotted 
in Fig. 10. It is apparent at once that the saturation variation is almost 
identical with that of Fig. 9, except for ultimate distribution, and may _ 
therefore be regarded as real. It may be further concluded from the 
data of this experiment that the saturation along the sand column at 
ultimate depletion is uniform, the variation being less than 1 per cent. 
Several pressure-decline experiments were performed at various satu- 
ration pressures (Table 1). The agreement between the final saturation, 
determined from the electrical resistance, and that obtained from the 
measurement of the liquid produced, is fairly good. This agreement 
would probably have been even better had the free volume in the system 
(volume not occupied by sand) been known more accurately. This 
amounted to somewhere between 60 and 90 ¢.c. A blanket correction 
of 75 c.c. has been applied in calculating the production for all the 
experiments. It is probable that for various rates of pressure decline, 
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various amounts of liquid were produced from the free volume of the 
system, thus, for highest accuracy, requiring a separate correction for 
each experiment. Consequently, it is thought the resistance measure- 
ments provide a more accurate knowledge of the actual volume of liquid 
produced from the sand itself and so the calculations of production have 
been made from the resistance measurements. 


TaBLEe 1.—Pressure-decline Experiments 


Abachite Final Average Saturation Percentage of 
Saturation Di Total Liquid 
J eet de ces From Liquid From Electrical Py heen loa 

Produced Resistance Resistance 
1.640 1.66 0.824 0.814 18.6 
1.928 1.95 0.790 0.801 19.9 
2.018 2.05 0.801 0.778 22.2 
2.148 2.18 0.784 0.762 23.8 
3.898 3.97 0.753 0.758 24.2 
5.528 5.65 0.747 0.742 25.8 


In all these experiments the pressure was allowed to decline at its 
maximum rate. The relation between saturation pressure and liquid 
production is plotted in Fig. 11. It is apparent that above a saturation 
pressure of about 2.5 atm. abs. the volume of liquid produced is essen- 
tially independent of the saturation pressure. This is in accord with the 

30 


Produced 


Percent Liquid 


Pi/P¢ 
Fic. 11.—RELATION BETWEEN SATURATION PRESSURE AND LIQUID PRODUCTION. 
pi/py = ratio of saturation pressure to final pressure. 


pressure-reduction experiments on the small cores of Nichols buff sand- 
stone,” wherein it was found that variations in saturation pressures up to 
900 Ib. per sq. in. had negligible effect upon the final saturation of the 
core, which was about 76 per cent. The final saturation in the pressure- 
decline experiments of Fig. 11 was about 75 per cent, for saturation pres- 
sures above 2.5 atm. This agreement between the two cores of this 
sandstone of such widely different size and involving quite different 
fluids shows the relative unimportance of such fluid properties as surface 
and interfacial tension and viscosity, as well as saturation pressure, and 
indicates that one may, with some degree of confidence, extrapolate results 
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from small core samples to field applications. These results also indi- 
cate that, for producing fields, the maximum production obtainable by 
ordinary primary recovery methods, neglecting such factors as structure 
and water drive, is essentially independent of the saturation pressure and 
may be determined by simple laboratory experiments on field cores. 
Increases or decreases of recovery over or under this value may then be 
regarded as the result of structure, operating technique, presence and 
distribution of connate water, water drive, and other factors. 

The decline in liquid flux from a linear channel originally filled with 
saturated liquid has been calculated for unconsolidated sand.’ The 
experimentally determined decline in liquid flux for the consolidated 


cc/sec/em? (x 104) 
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Fia. 12.—EXpERIMENTAL DECLINE CURVE. 


sand is plotted in Fig. 12; it is essentially the same curve as that calculated 
for unconsolidated sands. 


CONCLUSIONS 


The following conclusions may be drawn from the experiments on 
consolidated sand: 

1. The mechanism of approach to equilibrium saturation is very little 
affected by the consolidation of the sand. 

2. The equilibrium saturation is probably dependent upon the cemen- 
tation and grain-size distribution, but it may easily be determined on a 
small core sample. 

3. The cementation and the grain-size distribution of the sand are 
also important in their influence on the permeability-saturation relation. 
For quantitatively applicable results these relations should be determined 
on the actual sand in question. The experiments reported herein on 
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Nichols buff sandstone have served to point out certain general trends and 
tendencies and to enable us to obtain a broad general picture of the signifi- 
cance of cementation and grain-size distribution in modifying the perme- 
ability-saturation relations of unconsolidated sand. 

4. The ultimate recovery from a consolidated sand will in general be 
less than that from an unconsolidated sand of the same permeability, the 
difference in recovery depending upon the grain-size distribution and the 
degree of cementation. 

5. Assuming a uniform sand with no water drive or structure present, 
the final saturation, at the conclusion of the period of natural production, 
is essentially uniform throughout the sand body. 

6. Surface and interfacial tension as well as viscosity must be rela- 
tively unimportant (at least over a moderate range of variation) since 
results of experiments on the large core with water and carbon dioxide 
agree with those obtained on a small core with natural gas and oil. 

The experiments described above have sufficed to show the nature 
and magnitude of deviations from the permeability-saturation relations 
for unconsolidated sands, to be expected as a result of consolidation. 
Furthermore, they indicate that the methods of analysis developed and 
general conclusions drawn for unconsolidated sands*> will, with suitable 
minor adjustments dependent upon the characteristics of the particular 
sand in question, be equally applicable to consolidated sands. Since 
these minor adjustments are dependent upon the nature of the individual 
sand, any attempt to evaluate in detail the effects of such features as 
degree of cementation or grain-size distribution will involve an extensive 
program of experiments on a number of different sandstones. Such 
- experiments should produce results of value to the petroleum industry 
and it is to be hoped that some organization will find it possible to 
perform them. 
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DISCUSSION 
(M. T. Halbouty presiding) 


M. ‘C. Leverrrr,* Houston, Tex.—Particular interest attaches to the curves of 
Figs. 9 and 10 and Mr. Botset’s remarks regarding them. ‘Work under way for some 
time in this laboratory shows the existence of valid theoretical reasons for expecting the 
liquid (or‘wetting) phase to accumulate behind the outflow face of the sand in produc- 
tion experiments like those described by Mr. Botset. The curves of Figs. 9 and 10 
show clearly that this occurred during the flow of liquid and gas from the consolidated 
core. This behavior has been repeatedly observed with unconsolidated sands in this 
laboratory. Its origin lies in the existence of capillary forces in the sand that cause the 
sand ‘to imbibe the wetting phase from regions contiguous to the sand in which the 
capillary pressure is less than in the sand. This “boundary effect,” as it may be 
termed, 'may be expécted at any discontinuity or change of texture in the sand. 


8. E. Bucxiey,+ Houston, Tex.—It is not my intention to comment upon the 
specific data presented in this paper other than to remark that these additional results 
completely verify the relations developed in previous investigations by the same 
author and his collaborators. My purpose is rather to call attention to the broader 
implications and the fundamental importance of the principles involved in the flow 
of oil and gas through sands as set forth in the relations discovered in these investiga- 
tions. Regardless of the geometrical complexity of the conditions met in actual 
practice and the resulting difficulty in drawing exact quantitative conclusions, the 
underlying physical principles may be discovered through laboratory investigation, 
and once delineated and understood may be relied upon for the interpretation of 
the behavior of individual wells and of complete reservoirs. In fact, a knowledge of 
these principles is absolutely essential to any intelligent study of the drainage of oil and 
gas, the spacing of wells, the value of gas injection, or the use of water-flooding in 
secondary recovery operations. 

Of particular importance at this time is the application of the relations developed 
by these investigators to the problem of well spacing. The most significant single 
result is the experimental demonstration that in a sand containing gas and oil there 
exists no combination of fluid saturations at which flow is stopped by bubble inter- 
ference or ‘‘ Jamin effect,” while there still exists a finite pressure gradient in the sand. 
Thus, the analogy to flow through a single continuous capillary, in which flow may be 
stopped by alternate bubbles of gas and oil in spite of an applied pressure gradient, is 
destroyed. Asa result of the continuously interlocking passages in a sand, the physical 
nature is quite distinct from that presented by a bundle of single nonconnecting 
capillaries and the flow relations are correspondingly different. It follows that so long 
as a pressure gradient exists in a continuous body of sand flow will continue. There is 
thus no theoretically fixed finite limit of drainage to a well other than that imposed by 
the physical boundaries of the sand body penetrated. With this principle once fully 
understood and appreciated, it should become possible to treat the problem of well 
spacing on a sound basis with proper attention to the different physical and economic 
factors involved in any individual case. 


ahh E. Porrnr, | Tyler, Tex.—On salt-water injection projects for disposal purposes 
reinjection pressures, after injection has been interrupted, are often considerably higher 
than normal operating pressures. The particular instance I have in mind is an injec- 
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tion in the East Texas field. On this well there is about 100 ft. of open sand into which 
the water is being injected. This sand is porous and permeable. The water that we 
attempted to inject was treated to remove all solid material and all possible pre- 
cipitates, so that there would be no substances clogging the sand face. When injec- 
tion was started the well took water under vacuum at the well head. However, in a 
short time injection could not be continued by gravity and it was necessary to force the 
water into the sand by pump pressure. This was not too successful, and, in order to 
open a channel and increase permeability, high-pressure pumps were used, and the 
injection rate was increased to 200 bbl. per hour. At this rate the pressure increased to 
a maximum of 1800 lb. per sq. in., and as injection continued at the same volume the 
pressure dropped to 350 lb. per sq. in. The high-pressure pumps were then removed 
and the water was injected under vacuum for a few days, but the volume gradually fell 
off until it was again necessary to use pump pressure. The erratic behavior of the 
well may have been due to intermittent injection, as the well was shut in each night 
and started the next day. However, this intermittent injection resulted in definite 
changes in the ability of the sand to take water, which from our present knowledge of 
permeability is hard to explain. All this goes to show that the permeability of a sand 
may change when liquids are passed through it in the same manner as when gas is 
passed through the sand. Further work along this same line as outlined in this paper 
should result in obtaining much valuable data regarding such changes in permeability. 


A. G. Loomis,* Emeryville, Calif—In connection with Mr. Botset’s work on the 
flow of gas-water mixtures through cores, I would like to mention the earlier work of 
Dr. Gerald Hassler’ on the flow of gas-oil mixtures. The experiments of Hassler were 
the first quantitative studies of the flow of mixtures through consolidated cores, so far 
aslamaware. His experiments have the distinct advantage that they were made with 
Bradford oil-field cores and in view of the fact that the wetting characteristics and the 
degree of cementation of the sand play a dominant role in the flow of polyphase sys- 
tems, it would be interesting to compare Hassler’s results with those obtained by 
Botset with an outcrop rock and with gas-water mixtures. 


H. G. Borsrt (author’s reply).—The author is aware of the paper by Hassler, 
Rice and Leeman, referred to by Dr. Loomis. The experiments of these authors were 
of a different type, however, since they were concerned merely with secondary recov- 
ery by gas drive, and, as stated by the authors, the experiments involve only the 
flow of dead oil driven by gas through very small cores (1 in. long) at pressure gradients 
of 40 Ib. per sq. in. The conditions of the experiments were such as to bear little 
relation to the actual conditions found in practice. In such small cores, the boundary 
effects mentioned by Dr. Leverett would undoubtedly be of considerable importance. 
In view of the fact that in the work of Hassler, Rice and Leeman the experimental 
technique was so utterly different, that a dead oil was used instead of a gas-saturated 
liquid, and that in no case was a steady-state condition attained, it seems unnecessary 
to compare the two papers. 
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Phase Diagram of a Mixture of Natural Gas and Natural 
Gasoline Near the Critical Conditions 


By D. L. Karz,* Memper A.I.M.E., D. J. Vinxf anp R. A. Davipf 
(Galveston Meeting, October 1939) 


A PHASE diagram showing boundary curve and quantity of liquid in 
the two-phase region was determined for a mixture of natural gas and 
natural gasoline in the region of its critical conditions. The tempera- 
tures and pressures of phase measurements were in the range of 85° to 
212° F. and 1300 to 2600 lb. per sq. in., respectively, with the critical 
conditions at 169.5° F. and 2615 lb. per sq. in. abs. Color phenomena 
were observed in the region of the boundary curve from 102° to 192° F. 
Approximate densities of the single-phase and two-phase regions and 
analysis of the system are included. 

Boundary curves between the single-phase and the two-phase regions 
have been determined for several binary mixtures containing hydro- 
carbons. ?/3:4,6,7,10,11,12,14 These investigators did not report the relative 
amounts of liquid and vapor within the two-phase region. The equilib- 
rium values obtained from the dew-point and bubble-point data can be 
used to compute the lines showing percentage of liquid on the pressure- 
temperature phase diagram® but the positions of the lines near the critical 
temperature and pressure are uncertain. Relative amounts of vapor and 
liquid were obtained for a gasoline and a naphtha! within the two-phase 
area but not in the region of the critical temperature and pressure. The 
bubble-point and dew-point lines, as well as the percentage liquid lines 
within the two-phase region, were determined by visual observations in 
glass apparatus. 


APPARATUS 


An arrangement of the apparatus is given in Fig. 1, showing the 
Jerguson gauge A with glass windows B. Pressure was supplied by the 
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mercury pump C and measured by a calibrated Bourdon gauge D. 
Agitation to insure equilibrium was obtained by rocking the entire gauge 
assembly around axis H-F. A constant-temperature air bath permitted 
control of the temperature of the gauge. The scale beside the glass 
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Fig. 1.—ARRANGEMENT OF APPARATUS. 
A, Jerguson gauge 
B, glass window. 
C, mercury pump. 
D, Bourdon gauge. 


E-F, axis. 

G, air bath 

H , valve. J, valve. 

T, valve. K, charge line. 


window was used to calibrate the volume of the gauge by mercury 
displacement. This scale was used to measure the position of the 
gas-liquid meniscus, if present, and to measure the hydrocarbon- 
mercury meniscus. 
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VoLuME MEASUREMENTS 


The entire system was filled with mercury, to remove air, then natural 
gasoline was drawn into the gauge through line K, by allowing the 


TaBLE 1.—Liquid Percentage as a Function of Pressure and Temperature 


Pressure, Lb. Total Liquid Percent- | Pressure, Lb. Total Liquid Percent- 
per Sq. In. Volume, | Volume, |age Liquid Sq. I Volume, | Volume, jage Liquid 
Abs. C.C. C.C. |by Volume| C.C. C.C. |by Volume 
Temperature 85° F. Temperature 102° F. 
2,500 51.6 Single phase 2,585 53.02 Single phase 
2,483 52.0 49.5 95.2 2,575 53.2 Single phase 
2,425 53.2 42.7 80.2 2,568 53.2 Single phase 
2,317 DOsG, 37.1 66.6 2,567 53.2 52.62 98.9 
2,175 59.7 33.3 55.7 2,557 53.4 51.3 96.0 
1,935 68.0 29.6 43.5 2,547 53.9 48.9 90.7 
1,591 85.8 27.3 31.8 2,525 54.2 44.3 81.5 
1,475 93.5 26.4 28.2 2,505 54.9 41.4 75.3 
1,325 105.6 24.2 22.9 2,580 55.2 38.7 70.1 
1,248 113.7 23.5 20.7 2,450 56.1 37.0 65.9 
1,160 124.0 22.9 18.5 2,410 57.3 35.4 61.6 
1,085 132.6 21.9 16.5 2,350 58.9 33.2 56.4 
1,040 139.1 21.9 15.7 
Temperature 119° F. Temperature 145° F. 
2,605 56.1 Single phase 2,613 60.0 Single phase 
2,583 56.4 51.8 91.7 2,607 60.0 Single phase 
2,570 56.7 48.7 85.9 2,603 60.1 56.2 93.6 
2.558 56.9 46.7 82.1 2,596 60.9 49.0 80.4 
2,535 57.6 42.9 74.5 2,590 60.9 47.6 78.2 
2,501 58.1 39.6 68.1 2,575 61.2 41.6 68.0 
2,537 60.0 36.2 60.3 2,537 62.3 36.8 59.1 
2,359 62.1 33.4 53.8 2,400 66.3 31.7 47.9 
2,272 64.6 31.6 48.8 
2,160 68.6 30.1 43.9 
Temperature 151° F. Temperature 166° F. 
2,609 60.9 Single phase 2,615 64.0 Single phase 
2,605 60.9 Single phase 2,610 64.2 35.5 55.2 
2,600 61.0 56.7 93.0 2,600 64.3 32.8 51.0 
2,597 61.2 51.3 83.8 2,585 64.7 31.8 49.1 
2,583 61.8 42.9 69.4 2,515 67.9 30.8 45.4 
2,560 62.1 37.6 60.5 2,183 78.2 26.0 33.2 
2,495 64.2 33.6 52.3 2,000 86.6 25.0 28.9 
2,390 67.5 31.0 45.9 1,875 93.1 24.0 25.8 
1,740 101.1 22.1 21.8 
1,595 111.6 21.3 1030 
1,460 122.9 20.0 16.3 
1,345 134.6 19.2 14.3 


* Experimental volumes X 0.86 since this run was taken with larger amount of 
material in system. After this run some of the uniform phase was vented off to give a 
workable volume for system. 
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mercury to gravitate to the pump with valves H and I open. Natural 
gas was metered in another glass-windowed gauge at 645 lb. per sq. in. 
abs. and then injected into line K with the removal of the mercury level 


TaBLE 1.—(Continued) 


Pressure, Lb. 
per Sq. In. 
Abs. 


Total Liquid 
Volume, | Volume, 
C.C. C.C. 


Percent- 
age Liquid 
by Volume 


Total 
Volume, 
C.C. 


Pressure, Lb. 
per Sq. In. 
Abs. 


Liquid 
Volume, 


Percent- 
age Liquid 
by Volume 


see eee la I i a a ere aa a eg ee 
Temperature 171° F. 


2,615 - 


2,614 
2,606 
2,599 
2,585 
2,560 

~ 2,510 
2,167 
1,960 
1,760 
1,390 


2,615 
2,610 
2,605 
2,600 
2,592 
2,583 
2,569 
2,559 


2,623 
2,590 
2,579 
2,575 
2,560 
2,540 
2,510 
2,460 
2,395 
2,333 
2,173 
1,888 
1,693 
1,561 


Temperature 169° F. 


64.2 Single phase 
64.3 32.0 49.8 
64.5 31.3 48.5 
65.1 31.0 47.6 
65.2 30.5 46.7 
65.9 29.6 44.9 
67.3 28.9 42.9 
80.0 25.9 32.4 
89.7 24.5 | 227.3 
100.8 22.0 21.8 
132.2 20.3 15.4 


Temperature 181° F. 


67.2 Single phase 
67.2 Single phase 
67.3 Single phase 
(avila Tl 14.5 21.4 
67.7 22.1 32.6 
68.0 24.0 35.3 
68.3 25.3 37.0 
68.8 25.8 37.5 
Temperature 192° F. 
69.3 Single phase 
69.4 Single phase 
69.7 5.9 8.5 
69.8 10.4 14.9 
70.4 LOes 22.3 
70.8 18.4 26.0 
alors 20.4 28.5 
73.5 21.8 29.7 
76.2 22.4 29.4 
78.7 22.8 29.0 
85.5 22.3 26.1 
100.1 20.3 20.3 
113.3 18.8 16.6 
123.8 17.9 14.5 


2,615 65.6 
2,605 65.6 
2,603 65.7 
2,595 65.8 
2,582 66.1 
2,570 66.3 
2,548 66.9 
2,503 68.4 
2,235 78.0 
2,093 84.2 
1,942 91.7 
1,773 101.8 
1,680 108.0 
1,590 114.7 
1,495 122.9 
1,410 130.8 
1,328 140.3 
Temperature 181° F. 
2,530 69.8 
2,285 78.4 
2,163 83.6 
2,020 90.3 
1,825 101.1 
1,688 110.6 
1,565 119.6 
1,363 139.5 


Single phase 
Single phase 
Single phase 


26.9 40.9 
27.9 42.2 
28.1 42.4 
28.1 42.0 
27.9 40.8 
26.0 33.4 
25.1 29.8 
24.4 26.6 
22.7 22.3 
ale a 20.1 
21.0 18.3 
20.4 16.6 
19.4 14.8 
19.4 13.8 
(Continued) 

26.5 38.0 
25.3 32.3 
25.0 29.9 
24.1 26.7 
22.0 21.8 
21.2 19.2 
19.9 16.7 
18.5 13.3 


Temperature 212° F. 


2,535 76.4 
2,525 76.5 
2,512 77.0 
2,475 78.4 
2,425 80.0 
2,410 80.8 
2,350 83.0 
2,270 86.4 
2,077 95.4 
1,935 . | 103.3 
1,810 111.2 
1,740 116.4 
1,645 124.3 
1,535 133.2 


Single phase 


6.1 8.0 
6.9 9.0 
10.4 13.3 
14.1 17.6 
14.9 18.5 
16.6 20.0 
C76 20.4 
L7G 18.5 
16.8 16.3 
16.4 14.8 
15.8 13.6 
15.5 12.5 
14.0 10.5 
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to the bottom of the gauge. Gas was added until a brown color appeared 
at the interface between the vapor and liquid regions, indicating that the 
critical conditions were likely to be within the temperature and pressure 
range of the apparatus. Valve J was then closed and all volume changes 
of the system were made by raising or lowering the mercury level in 
the gauge. 

Previous experiments had shown that the best procedure to obtain 
the phase diagram was to drop the pressure isothermally from the single- 
phase region to within the two-phase area. 

After each pressure change on the system, the apparatus was rocked 
to thoroughly agitate the system, insuring equilibrium before volume or 
pressure readings were taken. The first measurements at 85° F. were 
considerably below the critical temperature, and so pressure drops in 
the single-phase region obtainable by withdrawing small quantities of 
mercury showed the meniscus to appear near the top of the gauge and 
appear at lower positions with subsequent pressure drops. Following 
each pressure drop, the measurements of pressure and positions of 
menisci were recorded after agitation. These data and the calibration 
curve of the volume of the gauge gave the data for Table 1. 

A series of experiments at constant temperatures from 85° to 212° F. 
was made. The data are tabulated in Table 1 and the percentage liquid 
values are plotted as a function of pressure for each isotherm in Fig. 2. 
The pressure drop required to change the system from a uniform phase 
to a definite percentage liquid became smaller as the temperature was 
raised above 85° F. (Fig. 2). At 169° F., a pressure drop estimated to 
be one pound caused the single phase to change to a 50.2 per cent vapor 
and 49.8 per cent liquid system. At temperatures above 169° F. the 
meniscus between vapor and liquid appeared near the bottom of the 
gauge for the first pressure drops, rose with pressure reduction for a small 
pressure drop, and then receded with larger pressure drops. 


PHase DIAGRAM 


The data of Fig. 2 are cross-plotted on the usual coordinates of — 


pressure and temperature with lines of constant liquid quantity as shown 
in Fig. 3. The phase diagram is qualitatively similar to what might be 
expected from known properties of hydrocarbon mixtures.» The 
volumetric capacity of the apparatus was not sufficient to reach the 
lower dew-point curve and the temperatures attainable were below 
the maximum temperature at which two phases may exist. 

The critical conditions of the system are shown to be close to 169° F. 
and 2615 lb. per sq. in. abs., the point of intersection of the percentage 
of liquid. The 169° F. points are not evident on Fig. 3 because they 
practically coincide with the boundary curve. A study of the behavior 
of the 166°, 169°, and 171° F. isotherms near the uniform phase region of 
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Fig. 2 indicates that the critical temperature is likely to be about 0.5° F. 
above the 169° F. Visual observations of the behavior indicate that a 
temperature can be found at which the meniscus will appear in the 
middle of the system with an infinitely small pressure drop. This point 
would then be the exact critical condition, as this condition is boundary 
to both that of the bubble-point phenomena, where small pressure drops 
cause the meniscus to appear at the top of the container, and the dew 
phenomena, where small pressure drops cause the meniscus to appear at 


Pressure , |b per sq. in. Abs. 


60 80 100 120 140 160 180 200 220 240 260 
Temperature , °F 


Fic. 3.—PHASE DIAGRAM OF MIXTURE OF NATURAL GAS AND NATURAL GASOLINE. 
Percentages indicate liquid in system. 


the bottom of the container. After agitation adjacent to the critical 


conditions the entire system was a reddish brown foam. Upon comple- © 


tion of agitation, simultaneous separation of the foam into a uniform but 
colored phase occurred at the bottom and at the top of the hydrocarbon 
system. The menisci between the clear phases and the foam traveled 
from the top and from the bottom toward the middle of the gauge. 
As the middle was reached, the foam disappeared and a faint meniscus 
appeared at midposition, showing the upper phase to be gas and the 
lower to be liquid. 

The spacing of the 100, 90, 80, and 70 per cent liquid lines of Fig. 3 
at temperatures as far as 60° F. from the critical temperature is at smaller 
pressure intervals than might have been expected, although computations 
using carefully predicted equilibrium constants had indicated this con- 
dition. The nature of the quality lines in the isothermal retrograde 
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condensation area above the critical temperatures are as expected. Fig. 3 
shows that a dew-point vapor at 178° F. and 2605 lb. will yield 40 per 
cent by volume of liquid phase by retrograde condensation when dropping 
the pressure to 2540 lb. at 173° F. Pressure drops on the system in this 
region often showed condensation of portions of the vapor and boiling of 
the liquid to occur simultaneously. The composition of the phases could 
change with no net change in the volumetric proportion of the liquid phase. 

It should be noted that no isobaric retrograde phenomena can occur 
with the mixture chosen. 


CoLtor PHENOMENA 


The striking color phenomena’ accompanying the measurements near 
the critical temperature are worthy of note. At pressures considerably 
above the two-phase region the system was colorless. As the pressure 
was lowered toward the bubble point or dew point, the single phase took 
on a reddish color. At temperatures near the critical this color was a 
bright mahogany red but a faint color effeet was perceived in the entire 
range from 102° to 192° F. The pressure range over which the color 
persisted on these isotherms was about 20 to 25 lb. The single phase 
grew in color over a range of about 5 to 10 lb. above the phase boundary 
and reached its greatest depth just prior to the formation of two phases. 
The color persisted in both phases in the two-phase region with pressure 
drops below the boundary as great as 15 lb., although a large reduction 
in depth of color occurred as this region was entered. A gradual increase 
in maximum intensity of color occurred as the isotherms approached the 
critical temperature. There was no evidence that the color described 
would disappear with added agitation or during the time intervals 
between experimental observations. 


DENSITIES 


The information given above was all that was initially expected from 
the measurements but it was considered worth while to plot the volumes 
of the system. Fig. 4 gives pressure-volume data for the two-phase 
system. As little attempt was made to measure the volume of the 
system in the single phase, the break between the two-phase region and 
the single-phase region is difficult to obtain unless the pressures were 
used at 100 per cent liquid er vapor as given in Fig. 2. These two 
sources permit computation of the volumes of the system at the single- 
phase boundary. 

A measured volume of the single phase was analyzed by fractional 
distillation, obtaining the composition given in Table 2. The summation 
of the weights of the hydrocarbons and the volume of the sample at 
2500 Ib. and 85° F. gave an approximate density of 0.85 grams per cubic 
centimeter. The fractionating-column operation was not entirely satis- 
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TABLE 2,—Analyses of Systems 


ee UU UEEEEEES SEES SSSSRSE 


System Having System Having 
Compound Phase Diagram of Fig. 3, Te = 72° F., Pe = 2520 Lb. 
Mol Fraction Mol Fraction 
Meothaneinn Osiscena eter 0.597 . 732 
Er Chane sas oe. feet eee ee 0.089 .081 
Propane? nj cesra4siarcis preheater 0.050 .027 
Bytanes ici: wasiecurincoreeaey. 0.049 .026 
Pentanesiccc kes cite itunes 0.093 .060 
Hexanes and heavier?....... 0.122 .074 


2 The distillation range not determined but may be estimated from the A.S.T.M. 
of the gasoline used, 80° A.P.I., as follows: 


Percentage Evaporated 


factory, and so the analysis and density are not completely reliable. 
However, the weight of hydrocarbons in the system while the pressure- 
volume data were being taken was computed as 18.1 grams based on this 
density. Also, the densities of the system at the single-phase boundary 
were computed and are plotted as a function of saturation temperature 
in Fig. 5. 

Two points are significant in these data. First, no unusual change is 
observed in the shape of the pressure-volume curves for the two-phase 
system as one passes from temperatures below the critical temperature 
to the region of retrograde condensation. Secondly, the plot of satu- 


rated density appears to be a smooth curve for the bubble-point liquid . 


below the critical temperature and for the dew-point vapor above the 
critical temperature. 


MISCELLANEOUS OBSERVATIONS 


Preliminary to the above experiments, considerable work was done 
on asphalt solubility in volatile hydrocarbon solutions. Also, another 
system was taken to the critical temperature by changing its compo- 
sition instead of the temperature. The analysis of this critical mixture 
is given in Table 2 for a mixture having a critical temperature of 72° F. 
and a critical pressure of 2520 lb. per sq. in. abs. The natural gasoline 
was the same for both systems reported, but the natural gases, from a 


a 
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Gulf Coast well, differed in the pressure and temperature at which they 


were separated from a liquid. 
The experiments using the 24.4° A.P.I. crude oil,® propane, and 
natural gas in the glass-windowed gauge showed two significant results. 


160 
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1000 1200 1400 1600 i800 2000. 2200 2400 2600 
Pressure, lb. per sq. in. Abs. 
Fig. 4.—PRESSURE-VOLUME ISOTHERMS OF TWO-PHASE SYSTEM. 


Saturated Density, grams per cc. 


80 100 120 140 160 180 200 220 
Saturation Temperature , °F. 


Fig. 5.—DENSITY OF SYSTEM AT BUBBLE POINTS AND DEW POINTS. 


Upon adding a proper ratio of the constituents at room temperature 
and pressures of the order of 1500 lb., four phases appeared to form; an 
upper gas phase; a low-density, nearly colorless liquid; a reddish brown 
denser liquid, and a sludge or plastic solid on the bottom of the container. 
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The transformation from the single-phase region to the two-phase region 
was observed for the less dense liquid and the gas phase with the usual 
brownish red color and without any apparent effect caused by the 
presence of the second liquid phase. The sludge or solid phase could 
be blown from the gauge under 1500 lb. pressure. The asphaltic sub- 
stance so removed was accompanied by some gas but was solid at atmos- 
pheric conditions. The asphalt had a molecular weight of 979 as 
compared to 345 for the original crude, both measurements using the 
lowering of the freezing point of benzene. 
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DISCUSSION 


(Charles Warner presiding) 


E. A. Stepuenson,* Lawrence, Kansas.—The phase diagram presented by Dr. 
Katz deals with an actual natural gas-natural gasoline system, such as is found in 
many of our distillate pools where no oil is known to be present, or where a gas gap 
occurs of such magnitude that its phase behavior resembles that of distillate pools. 

In view of the current interest in this problem, it seems desirable to express the 
physiochemical relations in as many different ways as possible; hence the phase data 
that Dr. Katz has obtained are also presented as functions of the reduced pressure and 
reduced temperature. These are then plotted to the same scale on both ordinates, so 
as to eliminate the distortion that results through the use of scales based on pounds and 
Fahrenheit degrees. 

With a critical pressure equal to 2615 Ib. per sq. in., and the critical temperature 
equal to 169.5° F. (629.5 Rankine), it then appears that 0.1 of a unit of reduced pres- 
sure represents for graphical purposes 261 lb., and 0.1 of a unit of reduced pressure 63° 
Rankine. The distortions just mentioned are eliminated when reduced functions of 
pressure and temperature are used, as shown on Fig. 6. 


* Professor of Petroleum Engineering, University of Kansas, 


on 
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However, even the modified phase diagram does not reveal the complete story of 
the relative effects of pressure and temperature changes. If possible, supplementary 
data on the specific heat of the various gases and liquids should be obtained, and an 
entropy-enthalpy diagram prepared for the gaseous and liquid components. This is 
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Fic. 6.—PHASE DIAGRAM OF SYSTEM COMPOSED OF NATURAL GAS AND NATURAL 
GASOLINE USING REDUCED PRESSURES AND TEMPERATURES. PERCENTAGES REFER TO 
LIQUID VOLUME. 


P, = 2615 lb. per sq. in. abs.; 7. = 169.5° F. 


by no means an easy task, since the composition of both gas and liquid change with 

each change in pressure and temperature. ; 
Attention might be called to the greater importance of pressure changes in the 

general range of 0.9 to 0.96 reduced pressure and 0.9 to 1.0 reduced temperature. On 
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the other hand, where the temperatures are above 1.0P,, and the pressures below 
0.9P,, the greater influence of temperature change becomes obvious. 

Finally, Dr. Katz should be complimented for this excellent contribution to one of 
the difficult problems which petroleum engineers face today; i.e., the phase behavior 
of high-pressure wells. Gradually the technique is being developed for the correct 
solution of the problem. 


a a 


Fundamental Phase Behavior of Hydrocarbons 


By Joun E. SHERBORNE,* JUNIOR Memper A.I.M.E. 


(Los Angeles Meeting, October 1939) 


Muc8 valuable scientific research has been performed in recent years 
on the subject of phase behavior of hydrocarbons. }!~!! Engineers employed 
in petroleum production are interesting themselves in this work as well 
as in methods of applying the fundamental data available to the solution 
of their various problems. 

Recently a number of papers have been published in which applica- 
tions of phase behavior have been made to specific cases pertaining to 
critical phenomena.!2-!® Little effort, however, has been made in the 
- literature to show the relation between changes occurring in the critical 
region and the more common phase behavior, therefore it is believed that 
a presentation of the fundamentals of phase behavior with reference to 
hydrocarbons is timely. 

Study of phase behavior is not new. In the metallurgical field, 
knowledge of heterogeneous equilibria has advanced tremendously, 
particularly with reference to solid-solid and solid-liquid behavior. 
Much is known about vapor-liquid equilibria too, but few engineers are 
familiar with this subject. t 


DEFINITION OF TERMS 


In a discussion of this sort, a definition of terms used is most impor- 
tant. Such terms as “pressure,” ‘temperature’ and ‘‘volume’’ need 
little definition other than mention of the units in which they are con- 
sidered. Pressure is expressed in pounds per square inch absolute. 
Temperature is usually expressed as degrees Fahrenheit or degrees 
Rankine. In considering thermodynamic and phase behavior, the use 
of the absolute, Rankine, scale is desirable. Volume is expressed as 
specific volume, such as cubic feet per pound. This will be recognized 
as the reciprocal of the specific weight. In considering systems composed 
of more than one component, it is sometimes desirable to consider molal 


Manuscript received at the office of the Institute Oct. 24, 1939. Issued as T.P. 
1152 in Perrotnum Trecuno.oey, February 1940. 

* Petroleum Engineer, Union Oil Company of California, Compton, California. 

+ Notable among the various investigators are Sage, Lacey and co-workers, Katz 
and Lindsly. Only a few selected references of these and other authors will be used. 

1 Numbers refer to references at end of paper. 

t Several books dealing with phase behavior are included in the bibliography. '*-?%* 
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or weight composition rather than volume. This will be considered more 
fully in discussing two-component systems. 

System.—A system may be classified as a one, two, three, or multi- 
component system. From a strictly scientific point of view a component 
must be defined as a pure substance. Thus a system containing nothing 
but propane would be of one component, while one consisting of methane 
and propane would be of two components. It follows that even the 
simplest of crude oils and natural gases are multi-component systems. 
However, it is sometime practical, under a wide range of conditions, to 
consider naturally occurring hydrocarbon mixtures as two-component 
systems in which natural gas and crude oil are the respective components. 

Phase.—Under the proper conditions, any system may exist as one or 
more phases. In the language of Willard Gibbs, a portion of matter 
homogeneous in the sense that its smallest mechanically isolable parts 
are indistinguishable from one another physically or chemically is 
a phase. 


ONE-COMPONENT SYSTEM 


In Fig. 1 is shown a generalized pressure-temperature diagram for a 
one-component system.* In it the lines represent the loci of equilibrium 
points. For example, any point on the line AB represents a condition 
of equilibrium between the solid and vapor phases for the particular 
pressure and temperature chosen. In like manner BD represents the 
solid-liquid equilibrium line while along the line BC liquid and vapor 
coexist. At no place does more than one phase exist except for the con- 
dition occurring at the boundary lines or their extensions, BF and BE, 
which represent the metastable states of supercooling and superheating, 
respectively. Thus, for the pressure P gas and liquid can exist together 
only at the temperature 7’. 


Phase Rule 


Fig. 1 shows that as long as only one phase exists there are within the 
limits of the boundaries of that phase for a given pressure an infinite 
number of values for the temperature. If two phases coexist, there is 
only one value of temperature for each value of pressure. Under such a 
condition, the system is said to have only one degree of freedom. In 
order for three phases to exist for a one-component system, the pressure 
and temperature are both fixed and the system is said to have no degrees 
of freedom. Physical behavior of this nature may be expressed as the 
phase rule, which may be given as: 


P+F=3 [1] 


* Fig. 1 represents projections of curved surfaces onto a plane. The diagram has 
been generalized in order to show various points of interest, consequently it is not 
drawn to a scale applicable to any given system. 
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where P = number of phases present 
and F = number of degrees of freedom. 
This rule can be more generally expressed as: 


P+F=C+2 [2] 


where C = number of components. 


i 


LIQUID 


————> PRESSURE 


———> TEMPERATURE ———> 


Fic. 1.—GENERALIZED PRESSURE-TEMPERATURE DIAGRAM FOR A ONE-COMPONENT 
SYSTEM. . 


While the phase rule in itself is of little practical significance, it 
clearly demonstrates that with an increasing number of components the 
number of possible combinations rapidly increases. 

In this figure, there are two other points, B and C, which are of 
interest. Point B, commonly referred to as the ‘‘triple point,”’ represents 
the state in which gas, liquid and solid phases all exist simultaneously. 
Here, it will be noted, there are no degrees of freedom, the pressure and 
temperature being fixed. Point C represents the critical state of the 
system. It is the temperature at which the properties of the liquid are 
identical with those of the gas. Since the pressure and temperature are 
fixed, here again no degrees of freedom exist and the state of the system is 
fixed. For a one-component system, the critical temperature is the 
highest temperature at which gas and liquid phases can both exist. 
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Since Fig. 1 shows only changes in pressure and temperature, an 
attempt has been made to show in Fig. 2 a series of surfaces representing 
the relation between changes taking place in the temperature, pressure 
and volume.* 

Whether the system be in the solid, liquid or gaseous phase, a knowl- 
edge of the pressure, temperature and specific volumey is necessary 
and sufficient to completely establish the volumetric behavior of a one- 
component system. ‘The relation may be expressed as 


F(v, p, T) = 0 [3] 


For obvious reasons the surfaces in Fig. 2 have been restricted to 
finite values of the three variables. Hence, for the limited range of 
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Fic. 2.—GENERALIZED PRESSURE-TEMPERATURE-VOLUME DIAGRAM FOR A ONE- 
COMPONENT SYSTEM. 


pressure, temperature and volume covered by the surface ABGF only 
the solid phase exists, and in like manner, for the conditions represented 
by the surface BDHG, only solid and liquid phases coexist, and so on. 
The points GHI determine the triple-point line, all three points coinciding 
to form the point B in Fig. 1. 


*This diagram does not represent all known cases of one-component systems, 
water being one exception. However, it is applicable to most of the known pure 
substances. 

} External fields of force, such as gravitational, electrical and magnetic and sur- 
face forces are assumed to be negligible. Unless otherwise noted, these assumptions 
will apply throughout this paper. 
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In general, only liquid, liquid-vapor and vapor phases need be 
investigated in considering hydrocarbon reservoir systems. Of particular 
interest is the region bounded by HCI, which represents the two-phase 
region, liquid plus vapor. Starting with the system at point a, in which 
condition it is all liquid at high pressure, holding the temperature con- 
stant at t; and reducing the pressure from a to b results only in a change 
in the volume of the liquid until at b evaporation starts. The volume of 
the system increases at constant pressure from 6 to d until at d only an 
infinitesimal amount of liquid remains. Isothermal expansion of the gas 
takes place from d to e. 

From the slope of the lines ab and de the compressibility of the liquid 
and gas respectively can be obtained. In the two-phase region the 
compressibility derivative becomes infinite. This derivative may be 
expressed as follows: 


Compressibility (8) = -(%). [4] 


In a similar manner, from the slopes of the lines shown by mn, no, ob, 
bd and dq, which represent isobaric changes in the volume of the system 
with temperature, the coefficients of expansion of the system for the 
conditions existing in the respective region chosen can be obtained. That 
is, from the slope of a line such as ob we obtain the expression: 


Thermal expansion (a) = (Gy) [5] 


67 ]p 

In Fig. 2 the critical point is given by C. At and above the critical 

temperature ¢, it is not possible to distinguish between liquid and vapor. 

The fact that at the critical point the pressure, temperature and volume 
are fixed is shown. 


Two-COMPONENT SYSTEM 


The phase rule shows that for a two-component system it is possible 
for four phases to coexist. These may be any combination of liquid, 
solid or vapor, including four solid or four liquid phases. However, 
there have never yet been found more than two liquid phases coexisting 
in a two-component system. Although the production of oil from deeper 
zones of higher pressures and temperatures may disclose the coexistence 
of two or more liquid phases, this discussion will be restricted to the 
behavior of systems more common at the present time, those having only 
one liquid phase. Specifically, hydrocarbon systems as they occur in 
the reservoir will be considered to consist of varying mixtures of the 
component natural gas and the component crude oil. 
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Phase changes of a two-component system can best be shown by 
pressure, temperature and composition diagrams. While in some cases 
the use of molal composition is desirable, for practical purposes weight 
composition is most convenient. Using weight composition the crude 
oil or natural gas may be expressed as a percentage of the total weight of 
the system. This can be directly related to the gas-oil ratio providing 
the system is always assumed to be composed of two components. Unless 
it is stated otherwise, the weight composition will be used throughout the 
remainder of the paper. 


PRESSURE 


Fic. 3.—GENERALIZED PRESSURE-TEMPERATURE COMPOSITION DIAGRAM FOR A TWO- 
COMPONENT SYSTEM. : 


In Fig. 3, based on a diagram by Roozeboom,”® is shown a three- 
dimensional representation of the pressure, temperature, composition 


relations of a two-component system for which there is only one liquid ~ 


phase.* The graph is plotted in rectangular coordinates in which the 
ordinate is pressure while the abscissae are composition and temperature. 
Point A represents 100 per cent of the pure substance A, natural gas, 
while point B represents 100 per cent of the pure substance B, crude oil. 
Point X represents a mixture of A and B of which the fraction X B/AB is 
component A, and the fraction XA/AB is component B. It should be 


* Fig. 3 is a generalized diagram and is not drawn to scale for any specific binary 
system. The pressure and temperature of points A and B are shown at some value 
above zero, and in order to avoid confusion resulting from too many lines, many of 


the details pertaining to the solid and associated phases in the region of low pressures 
have been omitted. 
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realized that the solid-liquid equilibria depicted in Fig. 3 are not descrip- 
tive of crude oil-natural gas systems. 

A plane through the points CaNIAODG represents the pressure- 
temperature diagram for the pure substance A; likewise the points 
CsQHBPFE represent the pressure-temperature diagram for the pure 
substance B. These points, if projected onto one plane, give the diagram 
shown in Fig. 4. The similarity between Fig. 4 and Fig. 1 can be seen 
readily. Since for a given temperature the vapor pressure of the sub- 


PRESSURE 


TEMPERATURE 
Fia. 4.—PROJECTION OF LIMITING COMPOSITION CURVES FOR TWO-COMPONENT SYSTEM 
ONTO PRESSURE-TEMPERATURE PLANE. 


stance A is greater than that for B, A is the more volatile and, conse- 
quently, represents gas in the gas-crude oil system. 

Before considering pressure-temperature diagrams for mixtures of 
A and B, it is desirable to orient the phases on an isobaric graph of com- 
position and temperature taken at pressure P. This is represented by 
the plane MNOPQK in Fig. 3 and is shown in Fig. 5. Choosing a 
composition represented by point a, Fig. 5, and following the changes of 
state that take place when the temperature is increased, one follows the 
line abcdefgp. The region ab represents a solid composed of a mixture 
of the two components in the proportion given by the composition a. 
At b, liquid of the composition y starts to appear until the solid in equi- 
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librium with the liquid is pure, solid B. As the system changes from b 
to d the composition of the liquid follows the path yhd until at d all of the 
solid B disappears and liquid of the composition a exists from d to e. 
At point c, liquid of the composition given by h occurs in equilibrium with 
the solid B. The weight fraction of liquid present is given by the ratio 
ci:hi, while the proportion of the mixture that is solid is ch:hi. At 
IP point e gas of composition shown 
by o starts to form and from e to 
g the composition of the vapor 
phase follows the path omg, while 
the liquid in equilibrium with it 
follows the path eng. At f an 
amount of gas of composition m, 
the weight fraction of which is 
expressed by the ratio fn/nm, is in 
equilibrium with liquid of the 
composition n, which exists in the 
proportion given by the ratio 
fm/mn. A trace of liquid of the 
composition q coexisting with gas 
of composition a exists at g. 
From g to p there is only gas. 

Two points, e and g, have 

special significance in petroleum 

0 a EP - 

ant iooy | Production, for they represent the 

A COMPOSITION 8B bubble point and the dew point, 

Fic. 5.—IsoBARIC COMPOSITION-TEM- respectively. The bubble-point 
PERATURE SECTION SHOWING CONDITION 4 = 
OF TWO-COMPONENT SYSTEM SHOWN IN Fic. state 7s that in which an infinitest- 
3 WHEN PRESSURE EQUALS P. mal amount of gas, exists in equi- 
librium with the liquid phase, and in like manner, the dew-point state 
is that in which an infinitesimal amount of the liquid is in equilibrium with 
the vapor phase. The temperature at point e is commonly known as the 
‘“‘bubble-point temperature” and is defined as follows: 

The bubble-point temperature is that temperature at which there is an 
infinitesimal amount of gas in equilibrium with the liquid phase, for a given 
pressure and composition. 

In like manner, the temperature at point g is known as the ‘‘ dew-point 
temperature,” and is defined as follows: 

The dew-point temperature is that temperature at which there is an 
infinitesimal amount of liquid in equilibrium with the vapor phase, for a 
given pressure and composition. 

It also is possible to speak of bubble-point pressure and bubble-point 
composition. Bubble-point composition may be expressed as bubble- 
point gas:oil ratio. The dew point may be treated in the same manner. 


PRESSURE = P2 
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In Fig. 6 is shown a temperature-molal composition diagram of the 
vapor-liquid region for the system methane-propane as it is at a pressure 
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6.—TEMPERATURE-COMPOSITION DIAGRAM 


FOR TWO-COMPONENT SYSTEM, 


tee METHANE-PROPANE AT 600 LB. PER SQ. IN. PRESSURE. 
Solid lines based on data from Sage, Lacey and Schaafsma (methane value from 
J. H. Perry, Handbook Chem. Eng., 619. New York, 1934. McGraw-Hill Book 


Co.). 


of 600 lb. per sq. in. absolute. 
the values above 70°F."° are experi- 
mentally correct. The dotted lines 
are used solely to show the general 
nature of the vapor-liquid region. 

A three-dimensional diagram of 
the liquid-vapor region for a two- 
component system is shown in Fig. 
7. In it, the lines DLE, FMG, 
HNI, etc., represent bubble-point 
curves for the temperatures To, T: 
and T>, respectively. A movement 
along any one of these lines would 
represent an isothermal change in 
bubble-point pressure with compo- 
sition for the particular temper- 
ature chosen. 

In like manner, the lines DQE, 
FPG, HOI, etc., represent the dew- 
point curves for the respective 
temperatures. 

Fig. 8 shows an isothermal sec- 
tion of composition versus pressure 
at the temperature 7, 


Only the value for pure methane” and 
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Fig. 7.—GENERALIZED PRESSURE- 
TRMPERATURE-COMPOSITION DIAGRAM OF 
TWO-COMPONENT SYSTEM IN RANGE OF 
CONDITIONS USUALLY FOUND IN PETRO- 
LEUM RESERVOIRS. 


Fig. 7. Here again the ordinate AF represents 


pure component A and BG represents pure substance B. Points Ff and G 
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are the vapor pressures of the pure substances A and B, respectively, at 
the temperature for which the section is taken. 

If a composition X is chosen and the pressure increased, the system 
starts as a gas and undergoes no change, except in volume, until at the 
point P where an infinitesimal volume of liquid of composition d forms. 
This is the dew-point pressure. A further increase in pressure results 
in the formation of more liquid of a composition given by some point 
on the curve from d to M in equilibrium with gas given by some point 


TEMPERATURE = 1 


PRESSURE 


A X B 


(Gas) COMPOSITION (Oi) 
Fia. 8.—IsoTHERMAL PRESSURE-COMPOSITION DIAGRAM FOR HYPOTHETICAL CRUDE 
OIL-NATURAL GAS SYSTEM AT TEMPERATURE rs 


on the curve between P and e. At b the weight fraction bc/ac of gas of 
composition a is in equilibrium with the weight fraction ab/ac of liquid 
of composition c. The total composition of the system is still given by X. 
By increasing the pressure still more, further quantities of the gas are 
liquefied, until at M there is only an infinitesimal amount of gas in 
equilibrium with the liquid. This is the bubble-point pressure, for 
the temperature and composition in question. 

Referring again to Fig. 7, the line DFC, represents the vapor-pressure 
curve for the component A and the line EGICs the vapor-pressure curve 
for the component B. If a mixture of A and B having a composition X 
is selected, the vapor-temperature relations will be expressed by the 
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plane LMNCxC2r0PQ instead of aline. Points Ca and Cz are the critical 
points of the pure components A and B, respectively. The critical 
point of the mixture is Cx; and for the example given it occurs at a 
higher pressure and temperature than that of the more volatile com- 
ponent. The behavior shown in Fig. 7 is typical of that generally 
encountered in binary paraffin hydrocarbon systems. 

Line C4C2Cz is the locus of points of maximum temperature for the 
two-phase region. Point Cr, which is known as the cricondentherm,' 
or critical condensation temperature, is the highest temperature at which 
liquid and vapor coexist for the mixture of composition X. As previously 
defined, for a one-component system the critical temperature was the 
highest temperature at which the liquid and gas could occur together 
in equilibrium. It was also defined as the temperature at which the 
liquid and vapor phases were identical. 

For a system composed of any number of components, the critical 
temperature is always the temperature at which the liquid and vapor phases 
have identical properties. That it is not the maximum temperature at 
which the liquid and vapor phases can coexist for systems of two or more 
components is illustrated in Fig. 9, which is a pressure-temperature 
section for the system in Fig. 7 at the composition X. The critical 
point, Cx, occurs at a lower temperature than does the cricondentherm Cr. 

Because it is not possible to show by means of Fig. 9 that the proper- 
ties of the liquid and gas are not identical at the cricondentherm, a 
pressure-composition diagram, Fig. 10, for the two-component system 
methane-propane® was constructed using two constant-temperature 
curves which were selected so that the points Cy and Cex correspond to the 
composition X of Fig. 9. By the use of ratios, as employed in the dis- 
cussion of Figs. 3 and 5, it can be shown that at Cx the composition of the 
liquid is identical with that of the gas. This occurs at 89°F., while 
the cricondentherm Cz occurs at 130°F. At this latter point there is an 
infinitesimal amount of liquid of composition given by point a in equilib- 
rium with gas of composition X. Fig. 10 fails to show that the liquid 
and gas can coexist at a pressure higher than that at the critical point. 
This point, the maximum pressure at which two phases can coexist, is 
shown by Cp in Fig. 9. For a one-component system, the points Cp, 
Cx and Ce coincide to form one point. 


ILLUSTRATIVE PHASE CHANGES IN OIL AND Gas PRODUCTION 


It is convenient to assume that Fig. 9 represents a system of natural 
gas and crude oil, in considering what happens in production from a 
reservoir. In one case, illustrated by the line abc, there is liquid* (oil) 


* Near the critical region it is difficult to distinguish between liquid and gas in the 
single-phase region. However, since at the bubble point b there forms an infinitesimal 
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under a high pressure and at a temperature higher than surface tempera- 
ture but not higher than the critical temperature. No free gas exists. 
As the fluid rises in the well there is a decrease in pressure, from a to b, 
until at b gas starts to separate. This is the bubble point for the pressure 
and temperature shown. As fluid approaches the surface, the pressure 
continues to decrease and more and more gas comes out of solution until 
at the surface the point c is reached. While it is recognized that a 
temperature decrease occurs in the system between the reservoir and 
the surface, this change has been considered negligible for the purposes of 
this and the following illustrations. 

In the second case, one in which the reservoir has a pressure similar 
to that of the first but a temperature above the critical temperature of 
the hydrocarbon system, only the gaseous phase* exists in the reservoir. 
This condition is shown by e. In coming to the surface the gas undergoes 
only a relatively small drop in pressure and no fluid appears. This is 
represented by some point zon the path of ef. If the pressure is decreased 
more, liquid starts to condense at f and greater quantities of liquid form 
with further decrease in pressure, until at some point g a maximum 
amount of liquid condenses. Any further decrease in pressure results 
in a decrease in the amount of the liquid phase until the dew point is 
reached ath. At this point, the final drop of liquid vaporizes and only gas 
remains. This phenomenon, resulting in the formation of a liquid phase 
followed by its disappearance as a result of progressive increase or 
decrease in pressure, under these conditions of restraint, on a system of 
constant composition, has been called retrograde condensation.'8 

It is important to note that retrograde phenomena may occur as a 
result of change in pressure or temperature, but only when the composi- 
tion of the system remains constant. Changes in the reservoir condition 
that result from the selective withdrawal of either gas or oil cannot be 
classed as retrograde phenomena, although there is an apparent similarity. 

Formation Volumes.—While the use of composition is convenient in 
illustrating changes that take place in multi-component systems, the 
effects that changes in pressure and temperature have on the volume of 
constant or variable composition systems are of particular practical 
significance. The term ‘‘formation volume” as used is the ratio of the 
volume occupied by the hydrocarbons at subsurface equilibrium tempera- 
ture and pressure to a unit volume of oil as measured at 60°F. and a 
pressure of 14.73 lb. per sq. in. abs. Liquid shrinkage is sometimes used 
instead of formation volume and may be defined as its reciprocal. 


amount of the vapor phase, and at the dew point f there forms an infinitesimal amount 
of the liquid phase, it is convenient to assume that the single-phase fluid at the point 
a is liquid and that the phase at e is gaseous. 

* See preceding footnote. 
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VISCOSITY 


Closely allied with phase behavior in the treatment of petroleum- 
production problems is the effect upon the viscosity of the crude resulting 
from changes in pressure, temperature and composition. Since a number 
of papers have been published regarding this effect,”:**-®° it will suffice 
at this time to point out that as much as eightfold changes in viscosity 
can occur throughout the ranges in pressure, temperature and composition 
commonly occurring under producing conditions. 


PRACTICAL APPLICATIONS 


The applications of phase behavior to practical field problems are 
numerous, and have been discussed by many writers.*!~4% A review of 
these applications is beyond the scope of this paper, but it should be 
noted that in studies of reservoir conditions, in volumetric estimate of 
reserves, and in problems involving both homogeneous and _ hetero- 
geneous flow, a knowledge of phase behavior for the hydrocarbon system 
involved is requisite. 
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DISCUSSION 


(R. W. French, Jr., presiding) 


C. R. Dopson,* La Habra, Calif.— This paper is a concise survey of the thermo- 
dynamic behavior of natural hydrocarbon mixtures. We spend a great deal of money 
on the experimental investigation of such problems and we are just beginning to obtain 
relationships that are useful to field engineers. The problems are, of course, extremely 
important to the management in determining the proper development and production 
programs, such as the amount of oil recoverable in any tract, well spacing, the behavior 
of the fluid with pressure decline, etc. In reference to the use of some of the data that 
have been published, a word of caution is essential. Imight refer to the last issue of the 
A.P.I. proceedings, ‘Drilling and Production Practice 1938,” in which there is a dis- 
cussion of a paper that was published by the Standard Oil Co. Some comments by 
Mr. Buckley, of the Humble Oil Co., in the same volume, in which he shows that fluids 
produced under almost identical conditions may vary 60 per cent in solution gas and 
100 per cent in bubble-point pressures are interesting. 


* Standard Oil Co. 
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N. Jonnston,* Los Angeles, Calif.—There has long been a need for a clear, general 
treatment of the theory of phase behavior, to assist in the understanding and utiliza- 
tion of the voluminous and excellent contributions of Sage and Lacey, Katz and others. 
The present paper by Sherborne certainly appears to fill that need admirably, and will 
be used as a reference or introductory chapter to much of the work that is being 
presented in the literature. 

Many applications of data on phase behavior can be cited now, and others undoubt- 
edly will appear when annual withdrawals begin to exceed discoveries. The following 
are typical questions, which can best be answered by phase-behavior computations: 
What minimum bottom-hole pressure must be maintained to avoid bubble resistance 
in the sand? What reservoir volume was occupied by known quantities of oil and gas 
produced from a given zone? Under what conditions of withdrawal will retrograde 
condensation occur in the sand? The design of equipment, such as vapor recovery 
systems, pressure vessels, traps, gas anchors, etc., should be improved by a broader 
knowledge of the physical behavior of gas-oil mixtures, and Mr. Sherborne’s article 
will certainly tend to broaden that knowledge. 


W. L. Jarvis, Los Angeles, Calif —The application of phase behavior is an integral 
part of estimating reserves of industrial properties or fields by means of volumetric 
methods. Under former methods of production where properties were rapidly devel- 
oped and production allowed to continue at relatively unrestricted rates, production- 
decline curves could be satisfactorily used in making reserve estimations. Under 
conditions prevalent in the oil industry at the present time, low rates of withdrawal 
from fields are necessary. Coupled with this fact, new productive areas are not, in 
general, developed as rapidly as under former conditions. Since it is necessary to 
have reliable reserve data for orderly planning of the exploitation of reserves, for 
depreciation and depletion purposes, and for general long-range planning and policy 
making, it is now necessary to replace the production rate, decline-curve method of 
estimating reserves, by some other method. ‘This of course, applies mainly to the 
newer productive areas. 

The soundest way to estimate these newer reserves is believed to be by volumetric 
methods. This procedure consists of determining an estimate of the amount of oil 
underlying a field or property and then applying a recovery factor to obtain an estimate 
of the producible reserves. ‘These recovery factors can be estimated in a number of 
ways. We believe this estimation of recovery factor is the weakest point in estimating 
reserves by volumetric methods. It is beyond the scope of this discussion to comment 
further on recovery factor except to say that we are working on this subject for some 
of the older fields and may at some future time have enough data to present 
in paper form, 

In determining the amount of oil and/or gas in place, the void volume is computed 
from average porosity figures. Allowance is then made for the amount of water that is 
connate within the sands. Data on fluid content, porosity, and permeability are 
obtained through the medium of core analysis. The connate water content, unless 
tracers in the drilling fluid or oil base mud are used, is usually available only from 
generalized correlations. 

The next step in estimating reserves by volumetric methods is where the pressure, 
volume, and temperature relationships are used. Mr. Sherborne has described the 
terms ‘formation volume factor” and “‘liquid shrinkage factor,” the latter being the 
reciprocal of the formation volume factor. Since a barrel of oil, measured under sur- 
face conditions when in the reservoir with its constituent gas, occupies more than a 
barrel of space within the reservoir, the void volume in the reservoir available to oil and 


* General Petroleum Corporation of California. 
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gas must be divided by the average formation volume factor, or multiplied by the 
shrinkage factor, in order to obtain the barrels of oil present under reservoir conditions. 
The formation volume factor depends on the formation pressure, temperature, and 
composition and relative amounts of the oil and gas contained in the reservoir. From 
this point in the estimation, only a recovery factor is needed to obtain an estimate of 
the reserves. 

A knowledge of ‘‘P.V.T.” data is important in determining the number of phases 
present within the reservoir. If the bubble-point or saturation pressure is below or 
lower than the bottom-hole producing pressure, gas does not separate from the liquid 
phase until it has risen in the hole and reached a depth where the pressure has been 
reduced to or below the bubble point. Under such conditions the motivating force 
causing the oil to enter the well bore is due to water drive. Since recovery from water- 
flushed sands is higher than from sands where gas drive alone has operated, under the 
above condition, a higher recovery factor in estimating reserves would be applicable. 

In the distillate fields of the Gulf Coastal area, where there is no evidence of 
black oil in contact with the gas phase, and for wells producing from gas caps, 
where no liquid phase is present under reservoir conditions, a knowledge of pressure- 
volume-temperature relations, while necessary in the estimate of reserves by volu- 
metric methods, may have additional value. A particular added value applies when 
retrograde condensation is possible, for the system may be outside the range of retro- 
grade phenomena. If such flow conditions are present, it should be possible to regulate 
the well so that the maximum amount of liquid will occur at or near the gas traps, with 
a consequent justification of enlarging the recovery factor. In any event, if conditions 
are maintained so that no liquid separates in the formation, this added enlargement of 
recovery factor is justified. This is true because of the fact that less formation energy 
is expended in gas flow as compared with oil flow. 

To date, volumetric behavior and solubility relation work have not been extensive 
and the results published or made available for general use have been confined to but 
few fields. At present the California Institute of Technology at Pasadena and the 
Standard Oil Company of California, at its West Coyote field in Orange County, have 
the only equipment in the West capable of satisfactorily determining these data. This 
equipment is elaborate and rather expensive, but the data obtained are so valuable for 
numerous applications that there is certainly justification for further installations so 
that a larger volume of data can be obtained. At present, if pressure-volume-tem- 
perature data are not available on the field in question, it is necessary to use data 
obtained under similar conditions of temperature, pressure, gravity, and gas-oil ratio 
from fields where such work has been performed and is available. This practice is 
likely to introduce some error, for the results would not necessarily be identical. For 
this reason pressure-volume-temperature work should be performed on the oil and gas 
from all fields where volumetric estimates are to be made, in order to obtain accurately 
their solubility relations and volumetric behavior. 


Apparatus for Study of Pressure-volume-temperature 
Relations of Liquids and Gases 


By B. H. Saau,* Memper A.I.M.E., anp W. N. Laczy* 


(Los Angeles Meeting, October 1939) 


AN apparatus is described for the measurement of the pressure- 
volume-temperature relations of pure substances, simple mixtures and 
complex mixtures with an over-all absolute uncertainty, which is usually 
not more than 0.2 per cent. The equipment is suitable for studies in the 
gaseous, two-phase, and liquid regions. The behavior of such systems 
may be investigated at pressures as high as 10,000 lb. per sq. in. for 
temperatures between 70° and 600° F. The methods of measurement 
and the construction of the apparatus are described in some detail. 

The measurement of the volumetric behavior of multicomponent 
systems requires the simultaneous measurement of the pressure, volume, 
temperature and weight of each component of the system. In the 
present apparatus a sample having constant weight is investigated at a 
number of independently controlled pressures and temperatures, there- 
fore it is necessary only to establish the weight of each component added 
before a given set of measurements. This method is in distinction to 
that in which the total volume remains constant and the pressure is 
varied by addition or removal of material, the system having variable 
weight. An objective in the design of the apparatus to be described was 
to develop equipment that would yield results involving no uncertainties 
larger than 0.25 per cent throughout the range of pressures from 150 to 
10,000 lb. per sq. in. at temperatures between 70° and 600° F. Although 


this over-all absolute uncertainty of measurement may not appear to be | 


small, it necessitated care in the plans for control and measurement of 
each of the fundamental variables. In general, any uncertainty greater 
than 0.05 per cent in the pressure, volume, absolute temperature or weight 
of each component was considered undesirable; therefore the attempt 
was made to obtain a precision of measurement in each case such that the 
absolute uncertainty would be only half this amount except in certain 
regions near the ends of the experimental range of the variable 
under consideration. : 


Manuscript received at the office of the Institute Sept. 5, 1939. Issued as T.P. 
1127 in Perrotnum TrcHnotoay, November 1939. 
* California Institute of Technology, Pasadena, California. 
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GENERAL ARRANGEMENT 


In essence, the apparatus consists of a U-tube, closed at each end, 
which is partly filled with a constant amount of mercury. In one arm 
the sample is confined, while air under pressure may be admitted to 
the other in order to change the volume of the sample. The elevation 
of the mercury surface in the latter chamber is determined. The tem- 
perature of the arm containing the sample is controlled by surrounding it 
with a bath whose temperature can be held constant at any value within 
the range of the investigation. 

The arrangement of the equipment is shown in a schematic manner 
in Fig. 1. The sample under investigation is confined within the chamber 
C’, whose effective volume may be varied by the addition or withdrawal 


Fig. 1.—Di1aGRAM OF THE APPARATUS. 


of mercury from the chamber G. Each of the chambers is 3 in. in inside 
diameter and has an effective length of 8 in. Equilibrium within and 
between the phases of the material in chamber C is obtained by means of a 
cage of six vertical rods, which is rotated by the magnetic agitator drive P, 
placed outside of the main thermostat. The entire space available to 
fluid inside this magnetic drive and the connecting tube £ is filled with 
mercury. The agitator is rotated at approximately 100 r.p.m. and in 
most cases equilibrium between a nonviscous liquid and a gas phase is 
obtained in 10 o0r15 min. The total quantity of mercury in the chambers 
C and G is constant and there is no opportunity for loss through pack- 
ing glands and other possible sources of leaks. The chamber G is 
machined accurately and polished. The quantity of mercury in that 
chamber is determined by the elevation of the mercury surface therein. 
This is established by means of the movable electrical contact F, which 
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enters the chamber G through the packing gland Q. The contact F is 
moved by means of the screw J and the nut M is driven by a worm 
operated from the motor K. The worm carries a counter L, which 
permits the estimation of the location of the mercury surface within 
0.0002 in. One revolution of the counter corresponds to about 0.001-in. 
movement of the contact F. Dry carbon-dioxide-free air, from a supply 
at a pressure in excess of the maximum to be employed in the investiga- 
tion, is admitted through the valve R to the upper part of the chamber G. 
The attainment of equilibrium in the chamber C of Fig. 1 is indicated by 
the constancy of the mercury height in the chamber G. The pressure 
existing within the chamber G is measured by means of a pressure balance 
connected to the gas phase of the chamber G through the mercury U-tube 
“trap”? S.. The Bourdon tube gauge 7 provides a convenient approxi- 
mate indication of the pressure existing within the chamber G. The air 
from this chamber may be exhausted through the valve U. The screw- 
operated plunger V permits changes in the volume of the air space to be 
made when it is desirable to change the pressure existing in the chamber G 
by only asmall amount. In order to avoid changes in the volume of the 
air space connected to the chamber G when the contact F is moved, the 
upper end of screw J is provided with the chamber N into which a rod 
of the same cross section (3¢-in. diameter) as the contact rod F is intro- 
duced through the packing gland W. This device compensates exactly 
for the change in volume of the air space of the chamber G when the 
contact F is moved. 

Briefly, the experimental procedure consists in the addition of a 
known weight of the hydrocarbon mixture to the chamber C, which is 
then brought to the desired temperature. The elevation of the mercury 
surface in the chamber G is determined after equilibrium has been attained 
and the pressure is established from the reading of the pressure balance 
after making the necessary corrections of the ‘‘heads” of mercury, oil 
and air in the fluid circuit connecting the pressure balance to the chamber 
C. The quantity of air in the chamber G is then changed and a new 
equilibrium established. This process is repeated throughout the range 
of total volumes that it is possible to obtain with the size of sample under 
investigation. The temperature of the cell C is then changed and the 
process repeated. During such time as the apparatus is not in use flow 
of mercury between the chambers C and @ is prevented by freezing 
the mercury in the U-tube Y, which is an integral part of the connect- 
ing tubing. 


MEASUREMENT OF PRESSURE 


The work of Keyes'? and of Beattie and Bridgeman‘ has indicated 
that the rotating or oscillating piston-cylinder method is perhaps the 


1 References are at the end of the paper. 
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most precise convenient means that may be employed for the measure- 
ment of elevated pressures. Bridgeman’ has shown that the vapor 
pressure of carbon dioxide at the freezing point of water under atmos- 
pheric pressure furnishes a satisfactory comparison standard for the 
evaluation of the ‘‘gauge constant”’ of piston-cylinder pressure measuring 
instruments. Beattie® indicated that this means of calibration is to be 
preferred to that obtained from the effective geometric dimensions of 
the piston, unless exceptional precautions are employed. It has been 
shown’ that the force exerted by a properly designed and constructed 
piston-cylinder combination varied directly with the pressure within 
0.02 per cent throughout the range from 150 to 8000 Ib. per sq. in. A 
single standardization point is sufficient, therefore, to define the character- 
istics ef a particular piston-cylinder combination within the above- 
mentioned limits of error. For these reasons it is believed that the use 
of an absolute instrument to permit the measurements of pressures in 
terms of primary standards is not necessary for most experimental work. 
_ Since calibration of this sort is to be relied upon, the possibility of using 
an instrument of the balance type becomes available. Such a pressure 
balance permits the estimation of pressures more rapidly than is possible 
with the ‘‘dead weight” type of instrument. In addition the magnitude 
of the weights employed with the pressure balance is much smaller and 
therefore they are more convenient to handle. In designing the instru- 
ment here described it was possible to arrange that these weights be added 
or withdrawn mechanically. The objective in the design of this instru- 
ment was, then, the development of a device that exhibited a uniform 
gauge constant over a wide range of pressures and in which the weights 
could be added or withdrawn with a minimum of effort or opportunity for 
mistakes in recording the indications of the instrument. 

The general arrangement of the pressure balance is indicated in 
Fig. 2. The piston-cylinder combination is located at A, where it is 
directly mounted on the cast-iron frame of the instrument. The piston 
acts downward upon the knife-edge B, which is mounted upon the 
trunnion-supported beam CC. This beam is supported within the heavy 
yoke D, which is hung from the stirrup #. The details of the stirrup 
construction are shown in section in a part of Fig. 2. The double knife- 
edge F is mounted in the steel beam G. The main knife-edge H, which 
is approximately 3 in. long, is firmly mounted in the beam G by means of a 
brass support in which it was fastened by means of screw-actuated wedges. 
This main knife-edge bears upon a stellite flat J, which is also mounted 
upon the frame of the instrument. The knife-edges were prepared from 
tool steel and were hardened, ground and lapped. It is believed that the 
radius of the knife-edge obtained is less than 0.0003 in. Optical methods 
were employed in the preparation of the flats and the knife-edges. 
Extreme care was exercised to insure that the axes of the knife-edges were 
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parallel to one another and normal to the beam within less than 0.0002 in. 
at all points. The rotation of the beam about the main knife-edge 
induced by the action of the piston of assembly A is restrained by the 
three decades of weights K, L and M, respectively. Each decade is 
supported by a stirrup and double knife-edge similar in all respects to 
that shown in section in a part of Fig. 2. 

The decade K is made up of nine weights, each having a nominal 
value of 1000 lb. per sq. in. These are added or withdrawn mechanically 
by raising or lowering the weight retainer N, which is arranged to pick 
up the weights from the stirrup K successively as the weight retainer is 
raised from its lowest to its highest position. A counter drum mounted 
on the spur wheel P permits a direct indication of the number of weights 
on the stirrup K. The weights can be simply added or withdrawn by 
turning a handwheel and the weight on the balance is indicated by a 
number on the drum, which is read through a small opening in the 
balance case. The decade ZL consists of nine weights, each having a 
~ nominal value of 100 lb. per sq. in., and is controlled in the same manner. 
The decade M is composed of nine weights, each having a nominal value 
of 10 lb. persq.in. These also are added or withdrawn by the use of the 
same type of weight retainer. Changes in weight equivalent to less 
than 10 lb. per sq. in. are accomplished by the movement of the rider Q 
along the beam G in a fashion similar to that employed in the better grade 
of analytical balances. The beam is so arranged that one inch of move- 
ment of the rider corresponds to 1 lb. per sq. in. change in pressure. 

The knife-edges in the beam G were located relative to one another by 
means of a cathetometer with an uncertainty of not more than 0.0005 in. 
It was then necessary only to adjust the weights of each decade to a value 
consistent with the relative positions of the knife-edges in order to obtain 
a sequence of forces in the piston that is directly proportional to the 
nominal values of the weights employed. Each of the weights was 
adjusted to within 2 X 10~® lb. of the desired value as compared to brass 
standards in air. It is believed that these adjustments were made with 
sufficient accuracy so that no uncertainty greater than 0.008 per cent is 
introduced from this source. The knife-edges are located on the axis 
of the beam in order to permit the use of deflection in estimating small 
changes in pressure. ; 

The beam G of Fig. 2 and each of the stirrups K, L and M are pro- 
vided with lifting mechanisms so that the beam and stirrup can be 
realigned whenever desired. This mechanism also prevents damage to 
the knife-edges due to the sudden application of excessive loads. The 
lifting device was constructed with sufficient rigidity so that only negli- 
gible deflections result from the addition of all of the weights to the beam 
in the arrested position. The piston of the assembly A (Fig. 2) is 
provided with an individual lifting mechanism that can be operated 
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independently of the beam and stirrup arrests. This was done in order 
to prevent the reaction of the piston on the main lifting mechanism when 
the balance is subjected to high pressures while not in operation. 

The detailed construction of the piston-cylinder assembly is presented 
in Fig. 3. The piston-cylinder combination used for the actual force 
measurements is indicated at A and B. The piston and cylinder were 
machined from a fine-grained, hardened tool steel and optical methods 
were employed in finishing them. The conical shape of the exterior 
surface of the cylinder was em- 
ployed in order to reduce defor- 
mation of the cylinder resulting 
from variation in pressure along 
its axis from the interior to the 
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0.0001 in. throughout and gold- 
Fic. 3.—PIsTON-CYLINDER ASSEMBLY. leaf gaskets are employed in seal- 
ing the internal chamberG. The 

oil is brought into this chamber through the hollow piston. The 
piston-cylinder combination H and J was constructed with the same 
dimensions and tolerances as those of the main cylinder. In addition, 
it was so mounted in the holder K that it aligns itself with the 
axis of rotation of the cylinder rather than the geometric axis of the 
holder K. The inner assembly is mounted: between two selected pre- 
loaded ball bearings and eccentricities of less than 0.0001 in. are encoun- 
tered in the rotation of the cylinder. No additional forces are applied 
to the ball bearings because of changes in pressure within the chamber G. 
The upper piston balances the reaction of the lower one on the hanger D 
of Fig. 2. The torque applied to the lower piston is transmitted to this 
hanger by means of the V-shaped groove in the lower part of the piston. 
The apex of this groove was constructed with a radius of approximately 
0.01 in. The hanger is prevented from rotating by its contact with the 
double knife-edge F of Fig. 2. No tendency for the hanger to rotate is 
noticed even at pressures below 10 lb. per sq. in. The leakage from the 
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piston, when using an oil having an absolute viscosity of approximately 
2 centipoises, is 0.01 cu. in. per day at an average pressure of about 3000 lb. 
per sq.in. The tolerances are somewhat closer than those recommended 
by Beattie,® but no difficulty due to sticking or galling has been experi- 
enced. Before entering service the cylinder was rotated around the 
piston at approximately 30 r.p.m. for over 30 hr. Soy-bean oil was used 
as a lubricant during this period at a pressure of 2000 lb. per sq. in. The 
use of this vegetable oil during the working-in period appeared to be 
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desirable when employing such close tolerances as were used in this 
piston-cylinder combination. 

The use of a second piston-cylinder combination to provide the oil 
connection to the chamber G permits the use of a rotating cylinder rather 
than the oscillating type that was employed by Keyes.’ It was found 
from preliminary work that the reversal of torque on the piston during 
oscillation tended to induce minor oscillations in the beam assembly. 
In addition, the hazard of fatigue in the flexible tubing that is often used 
in balance-type instruments to connect the oscillating cylinder to the 
other parts of the hydraulic circuit is eliminated. 
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A photograph of the completed instrument with the front cover plate 
removed is shown in Fig. 4. The three number-drums, which indicate 
the weight on the balance, are visible beside the operating handles for 
manipulating the weights in each of the three decades. The piston 
assembly and the hanger appear on the right-hand side of the instrument. 
The box shown above the glass housing for the beam encloses the optical 
system used in detecting the position of balance of the instrument. <A 
straddle-mounted mirror R (Fig. 2) at the left end of the beam is used in 
conjunction with a compound light beam to magnify the movement of 
the piston sufficiently so that changes in its position of less than 0.0001 in. 
may be detected. These small changes coupled with the very small 
leakage of oil from the piston practically eliminate flow in connecting 
lines and permit the rapid measurement of pressures with relatively 
high precision. 

In order to compensate for the small leakage of oil from the cylinder 
and to offset the changes in volume of the oil system due to changes in 
pressure, a manual screw-operated plunger has been provided, which is 
indicated at Z in Fig. 1. Neoprene packing is employed in this device, 
and no measurable leakage of oil is encountered at pressures as high as 
10,000 Ib. per sq. in. The combination of valves shown at D’ in Fig. 1 
permits the addition of oil to the system from the reservoir E’, and also 
allows the pressure balance to be employed in connection with the 
measurement of pressure in other parts of the apparatus. 

The pressure existing within the air chamber G of Fig. 1 at the air- 
mercury interface is related to the reading of the balance by an equation 
of the form: 

a AS+B+C 
= T= (62 + 0.003N)10- a 


The constant A* in equation 1 corresponds to the ‘‘ gauge constant”’ of the 
instrument. The gauge constant is assumed to be independent of pres- 
sure and there is no need to correct for changes in temperature because 


Pa 


of the small variation in room temperature that is encountered in the ~ 


authors’ laboratory. Care is exercised to avoid the rotation of the 
cylinder for extended periods, since this results in a small rise in tem- 
perature of the piston-cylinder combination. The quantity B repre- 
sents the “head” of oil in the tubing connecting the pressure balance 
with the mercury trap S of Fig. 1. The mercury heights in this trap are 
so adjusted as to be nearly equal; therefore it is not necessary to apply a 
correction for the change in specific weight of the oil or mercury in the 
trap S due to changes in pressure or room temperature. The neglect 
of such a correction introduces less than 0.02 Ib. per sq. in. uncertainty 
in the estimation of the pressure. The trap S is provided with an electric 


* See nomenclature at the end of the paper. 
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contact that permits the manual maintenance of the mercury height at a 
constant value whenever measurements of pressures are made. 

The term (62 + 0.003N) X 10-° in equation 1 represents the cor- 
rection for the head of air between the mercury in the trap S and the 
mercury surface in the vessel G of Fig. 1. Because of the relatively small 
magnitude of this term, air is assumed to follow the perfect gas laws and 
no corrections are made for the minor changes in room temperature 
(3° F.) permitted during the use of this equipment. It is seen that this 
term is computed directly from the geometric arrangement of the equip- 
ment and the physical properties of air. It is believed, however, that no 
uncertainty greater than 0.02 lb. per sq. in. could be introduced by the use 
of these simplifications. The maximum value of this correction is 
0.47 lb. per square inch. 

The difference in pressure between that at the mercury surface in the 
air chamber and that at the mercury surface in the working section C of 
Fig. 1 is established by the following equation: 


Pg — P = E + 0.001165N [2] 


The constant E in equation 2 is independent of temperature, since the 
changes in height of the mercury in the working section due to changes in 
temperature compensate exactly for the changes in the density of the 
mercury. The constant EH is determined by connecting a mercury-in- 
glass manometer to the upper parts of the chambers C and G and measur- 
ing the difference in elevation of the mercury in the arms of the manometer 
as a function of the position of the contact F as determined from the 
readings of the counter L. This constant may be established in this 
fashion with an uncertainty of not more than 0.0002 lb. per sq. in. The 
surface forces associated with the air-mercury interfaces in the chamber G 
and the trap S result in negligible pressure differences (less than 0.02 Ib. 
per sq. in.) due to the use of relatively large cross-sectional areas. 

The pressure in the working section C includes the effect of the 
presence of mercury in the gas phase of the sample under investigation. 
It is believed that at temperatures below 600° F. this correction, repre- 
sented by F in equation 3, may be made with sufficient accuracy by 
deducting the vapor pressure of mercury (corrected for the effect of 
pressure) from the total pressure of the system. This follows the pro- 
cedure adopted by Beattie. On the basis of equations 1 and 2 the pres- 
sure exerted by the sample in the working section C may be directly 
related to the indications of the pressure balance as follows: 


ati Lat a Gy 
ET — (62 +,0,003N)10-* E — 1.165N X 10 Frais] 


The constant B and the gauge constant A are the only quantities in this 
equation requiring evaluation. Two calibration points at known pres- 
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sures are required to establish these two constants. One point is obtained 
from the indication of the pressure balance when the working section is 
filled with carbon dioxide gas at vapor pressure at the ice point. The 
second is determined from the reading of the balance at a known rela- 
tively low pressure in the chamber C as determined from the elevations 
of mercury in the arms of a mercury-in-glass manometer. From the 
arrangement of the equipment it is possible to establish the vapor pres- 
sure of carbon dioxide at a number of total volumes of the system. In 
addition, the pressure as indicated from the mercury manometer may be 
established at a number of values of the counter reading N. An inter- 
comparison of the values of A and B as established from these various 
calibrations indicated a maximum deviation of less than 0.01 per cent. 
The carbon dioxide employed for the first calibration was prepared 
from recrystallized sodium bicarbonate, which was heated in glass at a 
pressure below 3 in. of mercury. This relatively pure carbon dioxide was 
dried and further purified by four successive sublimations followed by 
solidification under reduced pressure at the temperature of liquid air. 
A repetition of this calibration after intensive use of the instrument for a 
period of three months indicated that the gauge constant had changed by 
less than 0.01 per cent. For these reasons it is believed that the magni- 
tude of the pressure within the chamber C is established within 0.03 per 
cent or 0.2 lb. per sq. in., whichever measure of uncertainty is the larger. 


TEMPERATURE CONTROL AND MEASUREMENT 


The temperature of the room in which the apparatus stands is con- 
trolled manually within approximately 3° F. throughout the course of a 
particular set of measurements. The temperature of the chamber G 
(Fig. 1) is maintained at 120° F. by surrounding it by an agitated oil 
bath of which the temperature is controlled by means of a mercury-in- 
glass regulator used in conjunction with a time-delay vacuum-tube relay 
circuit. The temperature of chamber G is measured by the use of a 
calibrated mercury-in-glass thermometer. The chamber C is contained 
in an agitated oil bath the temperature of which is controlled in a fashion 
similar to that described by Beattie® except that a gas-filled photoelectric 
cell is employed instead of a selenium cell to control the grid of a Thy- 
ratron tube. In general, a maximum current of approximately 0.6 amp. 
for the half cycle is employed in the 220-volt control circuit, and this 
varies by less than 0.02 amp. when the bath is substantially at equi- 
librium. A strain-free platinum resistance thermometer is employed in 
conjunction with a Mueller-type bridge to actuate the galvanometer light 
beam that operates the photoelectric cell. 

The temperature of the oil bath B of Fig. 1 is measured by means of 
a four-lead, strain-free platinum resistance thermometer. This ther- 
mometer was calibrated in place against the readings of a platinum 
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resistance thermometer (Leeds and Northrup No. 8163), which had been 
recently standardized by the U. 8. Bureau of Standards at the oxygen, ice, 
steam and sulphur points. The ice-point resistance of each thermometer 
involved in this calibration had changed by less than one part in one 
hundred thousand after the comparisons at temperatures between 100° 
and 500° F. The ice point of the measuring thermometer is ascertained 
each day and any necessary correction is made for the slight variation 
in this resistance, which amounts to less than two parts in one hundred 
thousand. It is believed that the temperature of the contents of the cell 
is known within 0.05° F. relative to the international platinum scale at 
temperatures between 100° and 520° F. The control circuit maintains 
the temperature of the oil bath within 0.002° F. of a given value during 
the course of any one set of measurements. 

In order to avoid excessive energy dissipation from the main thermo- 
stat bath B of Fig. 1, it is surrounded by the steel radiation shield A, the 
inner surface of which is maintained at a temperature only slightly below 
that of the thermostat B. This is accomplished with manually controlled 
electric heaters wound on the exterior surface of the radiation shield. 
In general, this shield is maintained at approximately 8° F. below that of 
the thermostat bath B. During operation the current controlled by the 
Thyratron circuit furnishes all the electrical energy that is added to the 
main thermostat bath B. This procedure avoids large energy transfers 
in and between various parts of the bath, which would result in unneces- 
sary temperature gradients in the oil body. 

The oil within the thermostat bath B is agitated by means of two 
axial-flow propeller-type pumps D. These are belt-driven from a 
vertically mounted motor and are provided with water-cooled ball 
bearings. The control heaters were star-wound in the outlet of the 
circulating pumps. They are of low heat capacity, being constructed of 
15 ft. of No. 24 Chromel-A ribbon approximately 4 in. wide. The top 
of the thermostat is nearly vaportight, to reduce the oxidation of the oil 
employed as the thermostat fluid. The three oils used are kept in supply 
tanks below the thermostat B and can be forced into the thermostat tank 
by compressed air and returned to storage by gravity flow. 


DETAILS OF CONSTRUCTION 


The construction of the bomb and magnetic agitator is shown in the 
sectional drawing of Fig. 5. The cell itself was constructed from fully 
annealed stainless steel (18 per cent Cr, 8 per cent Ni) and was machined 
from a solid billet. The closure is of the unsupported-area type and a 
copper gasket has been found to function satisfactorily at temperatures 
up to 500° F. Experience with this equipment indicates that pressures 
on the gasket in excess of 60,000 lb. per sq. in. are required to induce 
sufficient plastic flow in the copper gasket to form a perfect closure. The 
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ratio of the supporting area of the gasket to the area of the closure is 
approximately 0.08. It has been found that this ratio will maintain a 
perfect seal without stress in the closure bolts except when there are 
rapid changes in temperatures. For this reason the closure bolts are 
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maintained with a tension of approximately 3000 Ib. per bolt, or a total 
of 18,000 lb. additional force acting upon the gasket. This procedure 
results in a perfect seal and the closure can be removed without difficulty, 
since the bolts do not require excessive torque to tighten or loosen. An 
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attempt was made to employ pure iron gaskets in the closure. However, 
because of the large increase in the ultimate unit tensile strength of this 
material with an increase in temperature below 400° F., it was impossible 
to obtain satisfactory seals at higher temperatures without unduly 
deforming the cell itself. 

The nonmagnetic shell within which the armature of the magnetic 
device is confined is made of completely annealed steel containing 18 per 
cent Crand8 percent Ni. This material exhibits a very low permeability 
and permits the transmission of approximately 2 in.-lb. of torque using an 
electromagnet composed of two coils of No. 30 wire of approximately 
3600 turns each with a direct current of approximately 0.5 amp. The 
remaining parts of the magnetic circuit were constructed of Armco iron 
and the air gaps were maintained below 0.003 in. In order to avoid 
significant errors from the expansion of the mercury in the agitator 
housing, due to minor changes in the temperature, the entire equipment 
was designed so as to leave as small a volume as possible to be occupied 
by mercury. The entire magnetic agitator P (Fig. 5) and the connecting 
tube E contain less than 0.5 cu. in. of mercury. The changes in room 
temperature that are permitted result in less than 0.0002 cu. in. change 
in volume of the mercury in the system. The electromagnet is rotated 
by means of a belt drive at approximately 100 r.p.m. and the current is 
supplied to the coils through brass slip rings employing carbon brushes. 
The agitator is provided with a ball bearing in the bottom of the non- 
magnetic shell and with graphitic cast-iron bushings at the bottom and 
top of the chamber C of Fig. 5. A square slip joint is provided between 
the drive shaft within the tube EF and the agitator itself. This permits 
the removal of the agitator for adequate cleaning of the interior walls of 
the cell when the closure is removed. 

The cell was designed to have less than 0.01 per cent change in volume 
per 1000 hr. of service due to creep at a temperature of 900° F. and at an 
operating pressure of 9000 Ib. per sq. in. Under these circumstances, 
it is believed that the hysteresis of this part of the apparatus will be 
negligible under most of the conditions of operation anticipated. All 
parts of the equipment exposed to mercury were constructed of annealed 
stainless steel, which apparently resists significant amalgamation at 
600° F. and pressures in excess of 5000 lb. per square inch. 

The arrangement of the chamber G of Fig. 1 with its movable contact 
is shown in the sectional drawing of Fig. 6. The chamber was con- 
structed from a billet of annealed stainless steel (18 per cent Cr, 8 per 
cent Ni) and was provided with an unsupported area closure using a 
Neoprene gasket. In this instance the supporting area of the gasket is 
approximately 18 per cent of the area of the closure. No stress in the 
closure bolt is required in order to induce a perfect seal. A combination 
of Neoprene and leather packing is employed in the gland where the 
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movable contact F enters the chamber G. The packing nut is provided 

with a gear and worm S to permit the rapid and easy adjustment of the 

packing gland. Since this was im- 

mersed in the oil bath, a sprocket 

and chain drive connects the pack- 

ing adjustment screw to a hand- 
wheel on the operating table. 

The entire assembly is support- 
ed from a framework upon which 
the operating table rests. The 
screw J has a square thread of 12 
pitch and engages the steel nut T, 
which is mounted between preload- 
ed ball bearings as indicated in the 
figure. The worm driving this nut 
through a worm gear is also mount- 
ed between preloaded ball bearings 
and is connected to a counter that 

a indicates the location of the contact 


====] point F. A similar type of packing 
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—— gland provided with a worm- 
_ ___| wheel adjustment is employed for 
—- ,the compensator N. It was found 
to be unnecessary to thermostat 

| this compensator because of its 
small volume and the relatively 
feral variation in room temper- 
ature that is permitted. The ap- 

G paratus is so arranged that one 
revolution of the worm M corre- 
sponds to a movement of the con- 

tact of 0.00119 in. In general, the 
measurement of the elevation of 

Re mercury surface can be repro- 
duced within 0.2 revolution of the 
worm M, which is equivalent to a 
movement of 0.00024 in. Sincethe 

| vessels C and G (Fig. 1) are of the 
—, same cross section within small 
limits, an accuracy of volume in- 
dication within 0.03 per cent can 
be obtained as long as the sample 
occupies a length of more than 1 in. in the upper part of the chamber C. 
A vacuum-tube relay A’ (Fig. 1) using a current of about 3 microamperes 
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at 200 volts was employed in connection with the contact F. This 
vacuum-tube relay circuit when completed by contact between the point 
F and the mercury surface in the chamber G actuates a signal light, which 
is thus used in determining the elevation of the surface. 

The valves used for the admission of the sample to the chamber C and 
for the control of the air admitted or released from the chamber G were 
constructed as indicated in sectional view in Fig. 7. This design is 
somewhat complicated, but permits movement of the valve stem only 
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Fic. 7,—AIR-CONTROL VALVES. 
parallel to its axis. This elimination of rotary movement reduces the 
wear on the packing to a marked extent and also avoids galling of the 
valve point and seat. In these valves a Monel point bearing upon a steel 
seat is employed and no difficulty is encountered in obtaining a perfect 
closure throughout a large number of operations of the valve. For valves 
that are not opened, or closed under pressure, the conventional high- 
pressure valve design using Neoprene packing is employed. However, 
these were all specially constructed to rather close tolerances from 
bar-steel stock. 


MEASUREMENT OF VOLUME 


Apparatus of this nature requires rather extensive calibrations in 
order to interpret the readings of the counter L of Fig. 1 in terms of the 
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effective volume of the chamber C. First the counter reading is deter- 
mined as a function of the weight of mercury withdrawn from the chamber 
G. The results of this calibration have indicated that the relationship is 
linear within 0.01 Ib. of mercury in a total weight of about 20 lb. These 
small deviations W are taken into account by residual graphical methods 
ard are applied in all of the calculations of the experimental results from 
this apparatus. For the most part, the experimental points deviate by 
less than 0.0002 lb. from the smoothed relationship of weight to counter 
reading. This calibration is carried out at a pressure only slightly above 
that of the atmosphere. 

Next, the mercury in the connecting tubing is frozen and the change 
in counter reading with respect to pressure is determined for a number of 
positions of the mercury surface. From these measurements combined 
with the previous data the weight of mercury removed from the chamber 
between any two counter readings can be established from a relationship 
of the following form: 


AW = Wi — W2 = 0.00410900[N1 — N2 — (2.67 — 0.00040N1)P; 
X 10-3 + (2.67 — 0.00040N2)P2 X 10°] + W:— We [4] 


Numerous calibrations indicate that equation 3 describes the change in 
weight of the mercury within chamber G within 0.0001 pound. 

The chamber C is then filled completely with mercury and the change 
in counter reading is determined as a function of pressure and tempera- 
ture. This is recorded by residual methods and represents the effect of 
pressure and temperature upon the volume of chamber C with its con- 
necting tubing both as a function of pressure and temperature. 

From this information it is possible to evaluate the weight of mercury 
corresponding to the volume of the hydrocarbon sample under the con- 
ditions in question. The quantity is obtained directly from the calibra- 
tion of the chamber G and the difference in the counter readings between 
those obtained when the chamber C is filled with mercury and those 
obtained when a sample of known weight is placed within it. The 
measurements by Smith and Keyes*® are employed to evaluate the effect 
of pressure upon the specific volume of mercury. The specific volume of 
mercury at atmospheric pressure as a function of temperature is taken 
from an accepted formulation.® It is believed that the calibrations can 
be carried out with sufficient precision that no uncertainties in the 
weight of mercury corresponding to the volume occupied by the hydro- 
carbon sample greater than 0.0005 Ib. are involved. The specific volume 
of mercury is probably known within 0.05 per cent throughout the range 
of pressures and temperatures involved in this investigation. 

In addition, it is necessary to correct for the weight of mercury in the 
space occupied by the sample. For gases the correction is made in 
accordance with the method outlined by Beattie.!° However, this cor- 
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rection may be neglected at temperatures below 400° F. For these 
reasons, it is believed that the total volume of the hydrocarbon sample 
may be established within 0.07 per cent as long as it occupies more than 
20 per cent of the total working volume of the chamber C of Fig. 1. 


WEIGHT OF SAMPLE 


All the samples are added to the working section through the valve F’ 
of Fig. 1. This valve is of the axial movement type and the seat is an 
integral part of the pressure vessel C, as is indicated in Fig. 5. The point 
is made of hard-drawn Monel metal and no difficulty with amalgamation 
has as yet been experienced. Care was exercised to employ the same 
type of steel in the tube G’ and the stem in order to avoid changes 
in bearing pressure on the valve seat due to changes in temperature of 
the chamber C. 

Noncondensable gases such as methane are added to the working 
section from the isothermal, isochoric chamber K’ of Fig. 1. This 
chamber is made of stainless steel and is provided with an unsupported 
area closure similar to that shown in Fig. 5. The pressure within this 
chamber is measured by means of the pressure balance, which is con- 
nected to it through the valve assembly D’ shown in Fig. 1. Contact 
of the oil in the connecting tubing with the gas in the chamber K’ is 
prevented by the mercury in the chamber L’, which is mounted outside 
the thermostat bath enclosing the chamber K’. The chamber L’ is 
provided with an electric contact in order that the mercury level may be 
maintained at a constant position by means of the manually operated 
plunger Z. The chamber K’ is maintained within 0.005° F. of the desired 
temperature (120° F.) by means of a mercury-in-glass regulator control- 
ling a vacuum-tube relay circuit in the conventional fashion. The inlet 
valve forms an integral part of the closure, thereby reducing the need 
for additional fittings in the calibrated part of the system. The tubing 
connecting the chamber K’ with the chamber C through the valve M’ 
is maintained at a uniform temperature by the circulation of oil around 
it from the oil bath N’, by means of the gear pump O’. The isochoric 
chamber K’ is calibrated by filling it with the gas to be measured and 
withdrawing quantities of this gas into the chamber C, where the volume 
is measured under conditions for which pressure-volume-temperature 
properties are known. From a series of measurements of this nature, it 
is possible to determine the weight of gas withdrawn from the chamber K’ 
into the chamber C as a function of the change in pressure in the chamber 
K’'. It should be realized that the tubing between this chamber and 
the valve M’ as well as the tube G’ and a part of the valve body F’ form 
parts of the isochoric system. These were all maintained at a constant 
temperature by the circulation of oil from the thermostat N'. It is 
believed that this method of measurement of the quantity of nonconden- 
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sable gases added to the chamber C involves no uncertainties greater 
than 0.06 per cent as long as the change in pressure within the vessel K’ 
is greater than 200 lb. per square inch. 

Easily condensable materials such as ethane, pentane or heptane are 
aS S added from small weighing bombs 

through the valve F’ in Fig. 1 by 

means of an auxiliary connection 
not shown. The weighing bombs 
used are shown in Fig. 8. The type 
depicted in part A is constructed of 
chrome-molybdenum steel and the 
ends are sweated and screwed to the 
‘5 main body of the bomb. ‘The valve 
employed is of the conventional 
packed type and employs a Monel 
metal point. Bombs of this type 
are used for the more difficultly 
condensable materials, which can be 
adequately removed by evacuation. 
These bombs have a working pres- 
sure of approximately 1000 lb. per 
square inch. The type shown in 
part B of Fig. 8 is constructed of 
steel containing 1 per cent C, 18 per 
cent Cr, and 8 per cent Ni. It con- 
sists of two parts, which are con- 
nected by an unsupported area seal. 
The valves are of the diaphragm 
type and are arranged to permit 
B purging of the closed valve. This 
emt he SLR KD ae! latter form of construction is - 
atte cons espe 
cially desirable in connection with the addition of relatively nonvolatile 
materials. 

The bombs are baked, evacuated and filled with the desired hydro- 
carbon. The chamber C (Fig. 1) is also evacuated by means of the 
mercury diffusion pump P’ which is connected to the valve F’ through 
the valve R’. The McLeod gauge 7” provides the necessary indication 
of the pressure existing within the chamber C. This chamber is evacu- 
ated for a period of at least 6 hr. at a temperature higher than the maxi- 
mum to be employed in the investigation, in order to remove adsorbed 
gases from the steel walls. 

The weighing bomb is weighed using a nearly identical tare. The 
hydrocarbon is distilled into the chamber C, the valve F’ is closed, and 
the residual gas in the tube G’ is recondensed into the weighing bomb 
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by means of liquid air. The weight of the weighing bomb is again deter- 
mined by substitution weighing, and appropriate air-buoyancy corrections 


Fic. 9.—ARRANGEMENT OF APPARATUS FOR CONTROL AND MEASUREMENT OF TEMPERA- 
TURE AND PRESSURE. 


Fic. 10.—GENERAL VIEW OF VOLUMETRIC APPARATUS. 


for the stainless-steel weights employed are applied. Upon com- 
| pletion of a series of measurements the sample of hydrocarbon is again 
withdrawn and its weight determined. A comparison of the results 
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obtained from these two measurements has indicated that the weight 
of a condensable hydrocarbon added to the chamber C may be deter- 
mined within 2.2 X 10~* pounds. 

The absolute uncertainty of the measured specific volume of hydro- 
carbon mixtures as a function of pressure, temperature and composition 
appears to be about twice that predicted from the uncertainty of the 
individual determinations of pressure, temperature, volume and weight 
of each component. These discrepancies may be ascribed in part to 
the occlusion of small parts of the sample beneath the mercury within 
the chamber C due to preferential wetting of the walls. Also, the gradual 
creep of the chamber C introduces an element of uncertainty that is 
difficult to overcome. For these reasons it is believed that the over-all 
uncertainty of measurement will vary from 0.1 per cent at the lower 
temperatures to as large as 0.25 per cent at temperatures in excess 
of 460° F. 


ARRANGEMENT OF APPARATUS 


A photograph of the control bench is presented in Fig. 9. The pres- 
sure balance is on the left-hand end of the bench and the oil-control 
valves (D’ of Fig. 1) in the pressure-measuring system have been placed 
just below the balance. The bridge used in conjunction with the resis- 
tance thermometer for temperature regulation is in the central part of the 
control bench. Above this is a Bourdon-tube pressure gauge 7’, used 
as a rough indication of the pressure existing within the oil-filled pressure- 
measuring circuit. The small potentiometer at the right of the control 
bridge is used in measuring the temperature gradient between the radia- 
tion shield and the high-temperature thermostat bath which it surrounds. 
It is also useful in establishing the magnitude of the temperature gradients 
in the tubing connections to the main working section. The Mueller- 
type bridge with the commutator is at the extreme right of the control 
bench. The galvanometers are behind the bench and a series of mirrors 
is employed to permit the use of relatively long light beams (10 ft.) in 
the rather small space available. The scales for the galvanometers are 
directly above the potentiometer and Mueller-type bridge within the 
slots in the panel. 

A general view of the volumetric apparatus is presented in Fig. 10. 
The motor-driven movable contact for determining the elevation of the 
mercury surface in the air chamber is in the central part of the equipment. 
The high-temperature thermostat bath is to the right of the movable 
contact and is completely inclosed. The outlet of the sample-addition 
valve has been placed on the front panel so as to be readily accessible. 
The valves shown on the lower right-hand part of the apparatus are 
used for the addition or withdrawal of oil from the thermostat and for 
the control of cooling water to bearings and to a mercury diffusion pump. 
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The valves just below the movable contact are used for the addition or 
withdrawal of air from the air chamber. The isochoric chamber K’ 
of Fig. 1 is housed in a thermostat bath behind the panel on the right 
of Fig. 10. 
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NOMENCLATURE 


A, gauge constant. 
B, additive constant involved in calibration of pressure balance, lb. 
per sq. in. 
C, barometric pressure, lb. per sq. in. 
E, additive constant involved in the calculation of pressure in the 
working section, lb. per sq. in. 
F, additive correction for vapor pressure of mercury, lb. per sq. in. 
N, reading of counter L of Fig. 1. 
P, pressure in working section, lb. per sq. in. 
Pg, pressure in air chamber, lb. per sq. in. 
S, pressure balance reading. 
W, weight of mercury in air chamber, lb. 
W, correction to weight of mercury in air chamber for geometric 
irregularities, lb. 
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Volumetric Behavior of Isobutane 


By W. M. Morris,* B. H. Sacz,* Member A.I.M.E., anp W. N. Lacry* 
(Los Angeles Meeting, October 1939) 


THE volumetric behavior of isobutane at temperatures below its 
critical temperature has been studied by several investigators. Seibert 
and Burrell! measured the vapor pressure of isobutane from the ice point 
to the critical temperature. Dana and co-workers? determined among 
other thermodynamic quantities the density of the saturated liquid and 
the saturated gas and the vapor pressure from approximately 0° to 130° F. 
Sage and Lacey® studied a number of the thermodynamic properties of 
this hydrocarbon from 70° to 250° F. The specific volume in the gas 
and liquid region was determined at pressures up to 3000 lb. per sq. in.f 
throughout this temperature interval. In addition, the vapor pressures 
were measured at 30° intervals. These data taken together serve to 
establish the thermodynamic behavior of isobutane at temperatures 
between 0° and 250° F. with reasonable accuracy. However, apparently 
there are no data available at the higher temperatures. For this reason 


an investigation of the volumetric behavior of isobutane at temperatures ~ 


between 100° and 460° F. was carried out with apparatus that has been 
described in another paper (p. 136, this volume). 


MATERIALS 


The isobutane used in this investigation was obtained from the 
Philgas Division of the Phillips Petroleum Co. That company’s special 
analysis upon this sample indicated it to contain less than 0.03 mol per 
cent of impurities. In order to avoid traces of noncondensable gases, this 
hydrocarbon material was subjected to two successive fractionations at a 
high reflux ratio in a column approximately 4 ft. long and % in. in 
diameter, which was packed with small glass rings. The middle portion 
of distillate from the first fractionation was used in the second fraction- 
ation and a portion of the overhead from this second distillation process 
was repeatedly condensed at liquid-air temperatures at a pressure only 
slightly above the sublimation pressure of isobutane at this temperature. 
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The material used in the volumetric studies showed a change in vapor 
pressure of approximately 0.2 lb. per sq. in. during the course of an 
isothermal condensation at 220° F. 


RESULTS 


Three samples of isobutane were studied in the course of this investi- 
gation. In each case the weight of isobutane employed was checked by 
the withdrawal of the sample from the apparatus upon the completion 
of the experimental measurements. These additional data indicated 
that the weight of hydrocarbon involved was known within 0.02 per cent 
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Fig. 1.—RESULTS FOR TWO SAMPLES OVER SHORT PRESSURE INTERVAL. 
for each of the samples investigated. A calibration of the apparatus was 
made before and after the investigation of each sample and the fluid- 
pressure balance was calibrated before and after the experimental 
program. The latter calibration indicated an accuracy of pressure 
measurement of 0.05 per cent at pressures above 500 lb. per square inch. 
In order to illustrate the precision of measurement obtained, the 
results for two of the samples at 340° F. over a short pressure interval 
are presented on an enlarged scale in Fig. 1. The compressibility 
factor—i.e., the ratio of the actual specific volume to that predicted from 
the perfect gas law—has been employed as a coordinate in the diagram in 
order to show the volumetric data with greater graphical accuracy than 
would be possible if specific volume were plotted in a diagram of the same 
size. The diameter of the circles indicating each of the experimental 
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points corresponds to a change in specific volume of approximately 0.1 per 
cent. It should be realized that this temperature is only about 70° F. 
above the critical temperature of isobutane, therefore small changes in 
pressure result in rather marked changes in specific volume. In general, 
the agreement of the data for the two samples is good and indicates a 
satisfactory precision of measurement. 

All of the experimental points at temperatures of 280° F. and higher 
are shown in Fig. 2. The compressibility factor is presented as a func- 
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tion of pressure for the several temperatures investigated experimentally. 
At pressures in the neighborhood of 700 lb. per sq. in. at 280° F., the 
actual volume of isobutane is only about 20 per cent of that predicted from 
the perfect gas law. However, at pressures above 4500 lb. per sq. in. the 
specific volume of isobutane is greater than that predicted from the perfect 
gas relationship. The experimental points shown on this diagram indi- 
cate the scope and detail of the experimental work carried out in this 
temperature range. 

The specific volume of liquid isobutane at temperatures below that of 
the critical state is presented as a function of pressure in Fig. 3. The 
data for 280° F. at the higher pressures are included for comparison. 
The experimental points for the two largest samples investigated have 
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been included. The present work was directed toward an investigation 
of isobutane at temperatures above its critical temperature. Therefore 
these data at the lower temperatures are not as accurate as those at the 
higher temperatures, the total volumes of the samples investigated being 
insufficient under these conditions to permit measurement with the 
highest accuracy. 

The experimental results were plotted on a large scale, which per- 
mitted interpolation with an accuracy comparable with the precision of 
measurement, and the specific volumes at even values of pressure were 
established. ‘These have been recorded in Table 1 for each of the tem- 
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Fic. 3.—SPEcIFIC VOLUME OF LIQUID ISOBUTANE AT TEMPERATURES BELOW THAT OF 
CRITICAL STATE AS FUNCTION OF PRESSURE. 


peratures investigated experimentally. No experimental work was 
carried out at pressures below 300 lb. per sq. in., and the values for the 
lower pressures were extrapolated toward unity upon a large-scale dia- 
gram similar to Fig. 2. It is believed that the pressure and temperature 
of measurement and the weights and volumes of the samples were 
established with sufficient accuracy so that no uncertainty greater than 
0.3 per cent is involved in the tabulated specific volumes in the gaseous 
region. In general, the individual experimental points at the higher 
temperatures agree with the smoothed values with a maximum error 
less than 0.08 per cent. The specific volume over a narrow range of 
pressure in the vicinity of the critical pressure of isobutane is recorded for 
980° F. in Table 2. These data have been included in order to present 
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TaBLE 1.—Specific Volume of Isobutane 


Pressure, ° ° ° 
Lb. per Sq. In. 100° F. 160° F. 220° F. 280° F. 340° F. 400° F. 460° F. 


Saturated liquid .|0.029812] 0.03284) 0.03799 


LOO Terrererre ere 0.02978 1.272 | 1.403 | 1.522 | 1.642 

PANU coturaodie oes 0.02969 | 0.03277 0.5857 | 0.6634 | 0.7299 | 0.7952 
AYO sr etetproreverst tert 0.02950 | 0.03236} 0.03746} 0.2306 | 0.2874 | 0.3322 | 0.3718 
SU Las Mrecig ans 0.1437 | 0.2091 | 0.2514 | 0.2866 
GOO mcetaeies sitters 0.02932 | 0.03202) 0.03640] 0.049 | 0.1547 | 0.1971 | 0.2297 
(AU DermeriaSnd B12 0.0446 | 0.1136 | 0.1584 | 0.1890 
SOOR ewe cteriate 0.02916 | 0.03170} 0.03559) 0.04245) 0.08350} 0.1290 | 0.1589 
900. Seakeuck? 0.06494) 0.1067 | 0.1357 
OOO eer 0.02900 | 0.03141} 0.03495) 0.04079) 0.05645] 0.08994) 0.1176 
D250 es wonitecketers 0.02881 | 0.03108) 0.03429) 0.03884) 0.04780) 0.06574) 0.08731 
L500 Warretcotereretcter 0.02864 | 0.03079) 0.03374) 0.03779) 0.04411) 0.05551; 0.07045 
L(5O ecw otis aes 0.02848 | 0.03053) 0.03327) 0.03688] 0.04197) 0.05019} 0.06084 
2000 Ks er caieces oes 0.02833 | 0.03028) 0.03286) 0.03613} 0.04041) 0.04698) 0.05510 
2200 nes arereiete « 0.02819 | 0.03006} 0.03249) 0.03550} 0.03920) 0.04471) 0.05134 
ADOO RE sete eras 0.02807 | 0.02986) 0.03216] 0.03496) 0.03824) 0.04301) 0.04856 
21 50M eee seve 0.02794 | 0.02966) 0.03186] 0.03449) 0.03744) 0.04167) 0.04649 
SOOO ashe ete etait 0.02782 | 0.02948) 0.03159] 0.03406) 0.03682) 0.04060) 0.04481 
PIU doen Gotneae 0.02771 | 0.02932) 0.03133} 0.03368) 0.03628) 0.03979) 0.04343 
SOOO we resmte ten et 0.02760 | 0.02917) 0.03109] 0.03332) 0.03577} 0.03904| 0.04227 
DOO sesh ds a's 6 0.02749 | 0.02903) 0.03087} 0.03299) 0.03533) 0.03842} 0.04131 
A000) oy. saeeuartnte 0.02739 | 0.02889) 0.03066} 0.03269) 0.03490) 0.03780} 0.04047 
S250 ee -cestre theyre 0.02729 | 0.02876) 0.03045) 0.03240) 0.03450) 0.03723) 0.03972 
4500 2.7. serene ae 0.02720 | 0.02863] 0.03026) 0.03213) 0.03416) 0.03671) 0.03904 
AT BO sea ccclors = ety ores 0.02711 | 0.02852) 0.03008) 0.03188) 0.03384) 0.03627} 0.03846 


DOOOR RS. en ee 0.02703 | 0.02841) 0.02991} 0.03164) 0.03353} 0.03590) 0.03795 
* Specific volume, cubic foot per pound. 


TaBLE 2.—Specific Volume of Isobutane at 280° F. 


Pressure, Specific Volume, Pressure, Specific Volume, 
Lb. per Sq. In. u. Ft. per Lb. Lb. per Sq. In. Cu. Ft. per Lb. 
460 0.1770 550 0.0836 
480 0.1602 560 0.0595 
500 0.14387 570 0.0551 
520 0.1255 580 0.0518 
530 0.1152 600 0.049 
540 0.1023 700 0.0446 


the volumetric behavior at this temperature in greater detail than is 
possible from information recorded in Table 1. 

The present data do not overlap other published information in the 
gaseous region. Temperature interpolation indicates a satisfactory 
degree of agreement between the earlier measurements by Sage and Lacey 
and the present data. There is some indication that the Joule-Thomson 
data employed in establishing the behavior of isobutane at pressures in 


athe 
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the neighborhood of 100 lb. per sq. in. yielded values of the specific volume 
at 250° F. that disagree with the present data by as much as 0.4 per cent. 
However, for the most part the two sets of data do not disagree by more 
than 0.2 per cent in the gaseous region. 

In Table 3 is presented a comparison of the specific volume of liquid 
isobutane as determined by several investigators. The agreement is 


TaBLE 3.—Comparison of Values for Specific Volume of Liquid Isobutane 


Temperature, Pressure, 


Deg. F. Lb. per Sq. In. Dana Sage and Lacey Authors 
100 Sat. liq. 0.029902 0.02981 0.02981 
1000 0.02900 0.02899 

2000 0.02831 0.02833 

3000 0.02776 0.02782 

160 Sat. liq. 0.03285 0.03284 
1000 0.03139 0.03141 

2000 0.03027 0.03028 

3000 0.02944 0.02948 

220 Sat. liq. 0.03799 0.03799 
1000 0.03484 0.03495 

2000 0.03278 0.03286 

3000 0.03152 0.03159 


* Specific volume, cubic foot per pound. 


satisfactory but the present data indicate a slightly smaller isothermal 
compressibility than would have been predicted from the earlier measure- 
ments by Sage and Lacey. The agreement at low pressures is in general 
much better than the accuracy of measurement involved in the two sets 
of data and is probably fortuitous. 

The vapor pressures of isobutane recorded at two temperatures in 
Table 1 are compared with data interpolated from the measurements by . 
other investigators in Table 4. This comparison indicates that the 


TasLe 4.—Comparison of Values for Vapor Pressure of Isobutane 


peer Siebert and Burrell Dana et al. Sage and Lacey Authors 
160 171.9 162.9 161.1 161.4 
220 324.9 313.7 312.8 


eng ————_—EE nl 


present measurements are in fair agreement with Dana’s data and 
the earlier measurements by Sage and Lacey. However, the measure- 
ments by Seibert and Burrell are markedly higher than those of the 
other observers. 
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Effect of Temperature on Plastering Properties and Viscosity 
of Rotary Drilling Muds 


By H. T. Bycx* 
(Galveston Meeting and Los Angeles Meeting, October 1939) 


Tue plastering properties of six representative California drilling 
muds were studied over a temperature range of 70° to 175° F. at several 
mud weights, using a high-pressure circulating filter press with full size 
consolidated cores. In all tests, with untreated as well as with chemically 
treated muds, the filtration rates at elevated temperature were higher 
than at low temperatures and in nearly every case this increased filtration 
rate was notably larger than could be attributed alone to the decreased 
viscosity of water—the flowing medium—at elevated temperatures. 

It is concluded that no existing method will permit even an approxi- 
mate determination of the filtration rate at high temperature from data 
at room temperature. It is necessary to measure filtration at the tem- 
perature actually anticipated in the well, or to make a sufficient number 
of tests at various lower temperatures so that a small extrapolation of 
these data to the anticipated well temperature may be applied. Such 
tests should be carried out on the mud as actually used in the well, 

The viscosity of each of the muds .was determined over the same 
temperature range. While no relationship was observed between mud 
viscosity and plastering properties, it was found that chemical treatment 
of the muds for viscosity reduction shifted the temperature of minimum 
viscosity to appreciably higher values than for untreated muds. 


IMPORTANCE OF PLASTERING PROPERTIES 


A survey of the literature on rotary drilling muds clearly shows the 
growing realization of the importance of plastering properties,'~* not 
only from the point of view of the successful completion of the mechanical 
operation of drilling the well but also from the point of view of minimum 
impairment of the natural flow possibilities of a given well. 

Poor plastering properties with attendant high filtration rate (large 
water loss to the formation) and thick mud sheath, lead to stuck drill 
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pipe, difficulty in landing casing, etc., and may promote certain types 
of heaving when the water filters into bentonitic and related formations. 
Furthermore, the penetration of water together with fine colloidal matter 
into the oil-bearing sand may have a marked influence upon the rate of 
subsequent production of oil from that sand. 


Errsect oF ELEVATED TEMPERATURE 


It is to be expected that elevated temperature will alter the plastering 
properties of a mud, since, among other factors, the viscosity of water is 
diminished by increased temperature. If all other properties of the mud 
fluid and filter cake remained unchanged, this decrease in viscosity of 
water, the flowing medium in filtration, should cause an impairment in 
plastering directly related to its change in viscosity. In addition, how- 
ever, accelerated flocculation‘ at elevated temperatures should contribute 
to the impairment in plastering properties, through alteration in the 
physical structure and compressibility of the mud sheath leading to 
altered permeability of the sheath. Furthermore, the effect upon 
plastering of the known viscosity-reducing agents may be expected to 
vary with temperature. 


Experimental Work 


The experimental data were obtained on a large mudding-off machine 
patterned after the Jones and Babson! circulating filter press, in which, 
however, cylindrical consolidated cores, 3 in. in diameter by 3 in., rather 
than unconsolidated compacted sands, were exposed to continuously 
circulating mud fluid at a pressure representing an average bottom-hole 
pressure differential, and at various temperatures in the range 70° to 
175° F. It is generally agreed that unconsolidated sands behave differ- 
ently from consolidated sands, but much of the work so far published 
has been with the former. 

It is not the intention of this paper to discuss the relative merits of 
various types of mud-testing equipment, nor to enter into a discussion 
of the advantages of testing with or without mud circulation. It is 
believed, however, that conditions more nearly representing field practice 
are obtained when circulation is applied. 

Concerning the differential mud pressure, 500 Ib. per sq. in. was 
taken to be representative of normal bottom-hole conditions and con- 
forms approximately to conditions—for example, at the bottom of an 
8000-ft. well with formation pressure of 3500 Ib. per sq. in. while drilling 
with a 75-lb. per cu. ft. mud of which the hydrostatic pressure at 8000 ft. 
is 4150 lb. per sq. in. It is clear, of course, that the differential pressure 
between mud and the formation is the driving force in this filtration. 

In every test sufficient time was allowed for apparatus, mud, and 
core to reach temperature equilibrium with the water bath, which 
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encloses both the circulating pump and pressure bomb. Loss of filtrate 
by evaporation at the high temperatures was avoided by water-jacketing 
the filtrate-exit tube. 

For purposes of analysis, the filtrate volume at the end of 45 min. 
was taken to represent the plastering behavior. During the runs, how- 
ever, the filtrate volume was determined at one-minute intervals for the 
first five minutes and at suitable longer intervals until the end of the run. 
The thickness of the mud sheath 
was measured at the termination 
of the run, after the core had been 
removed from the apparatus and 
the excess loose mud washed off. 

‘Stock muds that had been 
completely hydrated by standing 
in contact with water for several 
weeks with frequent agitation 
were used. 

The viscosity of each mud at 
the temperature of the runs was 
measured with the Stérmer vis- 
~ cometer at 600 r.p.m., using the 
standard cup with baffle, for pos- 
sible use in the interpretation of 
the results. -—. o- 

As the study of consolidated yg 1—MountiIne FOR CONSOLIDATED 
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of the apparatus as described by B’ dea 
Jones and Babson for uncon- C, drainage ports for filtrate. 
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holder was used (Fig. 1). 

The same core was used over and over again, but only after experi- 
ment had demonstrated that check results could be obtained consistently 
provided the mud sheath after each experiment was removed by flowing 
clean water under pressure in the reverse direction ; i.e., from the inside 
to the outside. This operation required only a few minutes, and usually 
was carried out while other adjustments and preparations for the fol- 
lowing run were being made. 

As was expected, the water loss and sheath thickness increased 
markedly over the temperature range studied. For the range 70° to 
175° F. the increase in water loss varied from mud to mud between 63.8 
per cent for 75 lb. untreated Mojave mud and 227 per cent for 70 lb. 
treated Lebec mud, as shown in Table 1. In Fig. 2 are plotted the 
cumulative water losses at the end of 45 min. (core area = 180.4 sq. cm.) 
for each mud at the five temperatures studied. As shown by this set 
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of curves, the order of plastering at low temperature may be reversed 
at high temperature, since the slopes of these curves are different and 
may cross at temperatures still higher than the upper limit of this study. 

In attempting to interpret the results of the temperature effect, we 
have applied the expressions used by Larsen,‘ which state that the 
cumulative quantity of filtrate Q for a given time at any elevated tem- 


TaBLe 1.—Percentage Increase in Water Loss from 70° to 175° F. 


Treated with 
Untreated, Quebracho 


eter Per Cent Soda, Per Cent 

1c] Wo bs Ventral gra yc. sc career ale, cisternal ot cuales 102.5 

2:°1°79lbs Ventura grays. <stcvmach iets etoile o's cise 91.5 41.8 
3217S. Av CNtUTALDIO WA) ds cater ttre eikewaieks mnaralahs te 126 92.0 

A OAD IDUIMOj Vea. sae cs 1.0 tecen ete athe <)eie 2-6 suse 63.8 

Hm Sou DssMOlavies suet wie ssi elena oiers + oh ore sce wie 68.5 169 

GS i7silb= Palos;Verdesi. ce. ccereeee er cere ces 157.5 85.0 
Cinco: Lb MicKhatirick sje eceeemeemetels acct Sates ae Tie 220 

8S (Orbe Lebecaas aids vy hecsvneeceteremecncta stele eat tients 105.5 227 

OR 2Oy De VENEUTa nD TO WilSin ni etets ene cca eker «wn aeryie is 137 


* Mud treated to same final viscosity with sodium pyrophosphate instead of with 
quebracho soda as in experiment 3 above. 
water loss at 175° — water loss at 70° 


water loss at 70° mA 


Percentage increase = 
perature is related to the filtrate for the same length of time at some 
other temperature by a factor equal to the square root of the ratios of 
the viscosities (y) of water at the two temperatures,* e.g., 


° 
Qizse = Qroe X 4 jane 
175° 


Qr X ~/nr = constant 


The validity of this relation was tested by observing the constancy of 
this product. Supposedly constant if the above hypothesis is correct, 
this product was found to increase appreciably with increasing tempera- 
ture for most of the muds tested. The deviations from the values 
obtained from the expression above have been plotted in Figs. 3 and 4 
for untreated and treated muds, respectively. Illustrative of the erro- 


or 


* These expressions may be derived directly from the fundamental filtration 
equation. Comparison runs in a static filter press using filter paper as the porous 
medium (linear flow) demonstrate that the conclusions arrived at on the basis of 
radial flow with circulation apply equally well to static filtration runs although 
absolute values of water loss are not identical. 
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from the data as a whole that as a 
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neous results likely to be obtained by this relation, untreated Palos 
Verdes mud shows an expected water loss of 266 c.c. at 175° F. based on 
the measured value of 160 c.c. at 70° whereas the measured value at 
175° was 412 c.c., or 2.575 times the 
water lossat 70°. Thiscorresponds 
to a deviation of 55 per cent from 900 
the value based on the above 
expression. 

Similar large deviations were 
observed with nearly all of the 
untreated muds except Mojave. 
Larsen also found this mud to show 
but little deviation, although he 
found several other muds, desig- 
nated as anomalous, which devi- 
ated considerably. It is evident 
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rule factors other than the change 
in viscosity of water in the mud 
play a major part in the effect of 
temperature on plastering of muds, 
and that it is unsafe to make pre- oe 
dictions of the high-temperature 
behavior using the above relation. 

Measurements at high tempera- hie ea! Sale alpen 

TEMPERATURE OF MUD °F 


ture, preferably the anticipated Fie. 2.—EFFECT OF TEMPERATURE ON 
well temperature, will in general PLASTERING. 

75 lb. Ventura gray. 
be necessary. 79 lb. Ventura gray. 

Still larger deviations, up to 98 ce aps Wenbire brown. 
per cent, were obtained with muds Majece 
treated with quebracho soda. Zé ee ee GBea 
Further, the deviation appears to be Pe Ystaeee 
unrelated to the presence or absence A. Chemically treated muds 2, 3, 5, 6, 

: : 7, 8 fall within this range. 
of chemical treating agents, the 
mud showing largest deviation when untreated shows a low deviation 
when treated with quebracho soda, while the muds showing medium 
deviation untreated show high deviation when treated. 

It was found that the average permeability of the mud sheath at 
the end of the run increased steadily with increasing temperature. Such 
an increase in permeability is characteristic of flocculation and it may 
be inferred that temperature flocculation, mentioned earlier, is the cause 
for the discrepancy between calculated and experimental results. It is 
interesting to note that the permeability is essentially constant for the 
mud that obeys the relationship described above, 
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TaBLE 2.—Change in Permeability of Mud Sheath with Temperature 


Permeability of Sheath, Darcies 
Temperature, Deg. F. 


75 Lb. Palos Verdes Mud 75 Lb. Mojave Mud 
70 2.2 X 1076 6. Se<LOr 
95 2.00% LOR 5s 9x1 0m 
125 25a LOTS Do LOse 
150 3.8.0 LOR 5.8 X 107° 
175 4.5 X 1075 5.9 X 1076 


The measured values of mud-sheath permeability for two represent- 
ative examples (75 lb. untreated Palos Verdes mud), showing large devi- 
ation from this expression, and 75 lb. untreated Mojave, which 
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70° «95° 125° «150° 175° 70° 95° 125° ‘150° Th 
TEMPERATURE OF MUD °F TEMPERATURE OF MUD °F 
Fia. 3. Fie. 4. 
Fias. 3 anp 4.—DEVIATION FROM THEORETICAL EXPRESSION Q X Vn = CONSTANT. 

1. 75 lb. Palos Verdes. 4, 75 lb. gray Ventura. 
2. 75 lb. brown Ventura. 5. 79 lb. gray Ventura. 
Phe Aa Vboy. prow, 1 enars treated with 6. 75 lb. McKittrick. 

yrophosphate. 7. 85 lb. Mojave. 
3. 70 ib Lebec. 8. 75 lb. Molave. 


follows this expression closely (Fig. 3), are given in Table 2. To 
obtain these data, the rate of flow during the last 15 min. of the run, 
together with the final mud-sheath thickness and the viscosity of water 


~ 
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at each temperature, were substituted in the familiar equation for perme- 
ability k, as follows: 


- dQ/dt +h 
k= a = permeability in darcies 


when up is viscosity in centipoises, dQ/dt is the rate of flow of water in 
cubic centimeters per second through the sheath thickness h, in centi- 
meters, under a pressure difference of AP atmospheres. 

It appears possible, also, to obtain a lower water loss at elevated 
temperature than can be explained solely from considerations of the 
change in the viscosity of water (see, for example, 79 lb. treated Ventura 
gray, curve 5, Fig. 4) although the results here are less convincing than 
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VISCOSITY OF MUD STORMER 600 RPM. 
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70° 95° 125° 150° 175° 70° 95° 125° 150° i775. 
TEMPERATURE OF MUD °F TEMPERATURE OF MUD °F 
Fie. 5. Fia. 6. 
Fias. 5 AND 6.—EFFECT OF TEMPERATURE UPON VISCOSITY OF DRILLING MUDS. 
1. 75 lb. Palos Verdes. 5. 79 lb. gray Ventura. 
2. 75 lb. brown Ventura. 6. 75 lb. McKittrick. 
2.* 75 lb. brown Ventura (pyrophosphate 7.* 85 lb. Mojave (0 scale). 
treated). 8. 75 lb. Mojave. 
3.* 70 lb. Lebec (0 scale). 9. Distilled water. 


4. 75 lb. gray Ventura. 


in the other experiments. In view of the results so far presented, it 
appears necessary either to determine the plastering properties at the 
temperature anticipated in the well or to measure the plastering proper- 
ties at a number of temperatures approaching the temperature anticipated 
in the well, making a short extrapolation of the curve through these 
measured points to the temperature in question. 
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Since, as is evident from the data presented here, each mud yielded 
a different curve of filtrate versus temperature, such a curve must be 
determined for each mud, and under the conditions of actual use. 

This behavior of the plastering properties applies to a wide variety 
of muds showing water losses at room temperature of from 120 to 450 c.c. 
(at end of 45 min. at 500 Ib. pressure and core area of 180.4 sq. cm.) 
and appears to be unrelated to the inherent colloidal character of the mud. 

The viscosity of each of the muds over the temperature range 70° to 
175° is presented in Figs. 5 and 6, the first for untreated muds, the 
second for muds treated with quebracho soda. The distinct minimum 
in viscosity shown by Craft and Exner’ is evident for several of the 
untreated muds, although the temperature for minimum viscosity appears 
to vary over a wide range from mud to mud, as well as for different 
densities of the same mud. For example, with 79 lb. Ventura gray the 
minimum viscosity occurs at about 130° to 140°, whereas with the 
same mud at 75 lb. per cu. ft. the minimum viscosity is apparently just 
approached at 175° F. A similar shift in minimum viscosity to lower 
temperatures with increased mud weight is evident with 75 lb. and 85 lb. 
Mojave muds. Lebec mud, on the other hand, shows a minimum 
viscosity at about 80° to 90°, the viscosity rising at temperatures above 
this value. Chemically treated muds, on the other hand, in general 
show a shift of the temperature of minimum viscosity to still higher 
values (Fig. 6). The minima lie higher than 175° F., the upper limit 
of the present experiments. There appears to be no relation between 
mud viscosity and plastering properties of these muds. 
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DISCUSSION 
(R. EH. Allen presiding) 


N. Jounston,* Los Angeles, Calif—Dr. Byck has presented some interesting 
data on drilling mud at elevated temperatures. His statement that mud properties 
under drilling conditions are so difficult to predict from laboratory tests at room tem- 
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perature is, unfortunately, correct at present. There is little hope that it will become 
possible in the near future to predict physical properties under other than test condi- 
tions, as this would require the development of an artificial, pure, or reproducible 
drilling fluid that would be free from contamination during drilling, thus maintaining 
its original properties at all times. Such a development seems very unlikely at pres- 
ent, so it appears necessary to continue to test actual muds under actual drilling condi- 
tions of temperature, and even to repeat these tests frequently, as many native muds 
vary from year to year. 

The second point I wish to comment on is that of temperatures of drilling mud 
during normal drilling. Of course, when circulation is suspended for 12 hr. or longer, 
the contents of a bore hole will approach thermal equilibrium with the surroundings. 
That is, the upper part of the hole will cool off and the lower part will warm up to a 
condition approaching the normal, static geothermal gradient. However, during 
normal circulation, there will be a radical redistribution of heat content of the hole, the 
gradient being greatly lessened (for example, from 1° F. per 60 ft. for the static case, to 
1°F. per 300 ft.), though the total heat content of the well may not be materially 
changed. The heat content will probably be slightly decreased because of starting 


with cold mud and the continued evaporation from ditch and pit. To offset these 


effects are the higher thermal conductivity of the deeper rocks and the frictional heat 
from drilling, which may in some places overbalance the cooling effects. 

These are theoretical considerations. I am much interested in actual field data on 
bottom-hole mud temperatures during normal mud circulation. Various methods are 
available for obtaining such data, yet very little attention has been paid to this study, 
in spite of its obvious importance in both mud testing and cement placing. One test in 
California shows a bottom-hole static temperature at a depth of 11,300 ft. to be reduced 
from 248° to 165°F. by circulation at about 30 cu. ft. per minute for 16 hr., while the 
top-hole mud temperature has risen to 131°F. from an annual average surface tempera- 
ture of 62°F. The simple average of circulation temperature of the mud (148°F.) is 
thus 7°F. lower than the static average (155°F.), which appears reasonable. In 
another case a circulation rate of 50 cu. ft. per minute for 14 hr. reduced the differential 
between top and bottom-hole temperatures to only 19°F., the actual temperatures 
being 141°F. at the surface and 160°F. at 9100 ft. The “circulation gradient”’ here 
was only 1°F. per 480 ft., while in the former case it was 1°F. per 300 feet. 

I should be glad to discuss such thermal measurements with anyone interested in 
making a further study of well temperatures. I should like to emphasize here the 
necessity of an accurate knowledge of the circulation history of a hole before a tem- 
perature measurement is considered as having any significance. 


D. H. Larsen,* Los Angeles, Calif—Dr. Byck has presented a paper of consider- 
able interest for those interested in drilling mud, and especially for California operators, 
inasmuch as basically useful data are included for specific California clays. 

It may be noted in passing that the equation 


Q: X VW nr = Constant 


does not purport to describe the behavior of all actual drilling muds, but rather: 
““Water-loss multiplied by the square root of filtrate viscosity gives an index to the 
water-loss independent of filtration viscosity, and thus enables one to judge the effect 
of temperature on the mud itself” (ref. 4, p. 60). 

We have found this relation to be of particular value in correcting to a standard 
temperature of 68°F. filtration determinations made at slightly different room and 


field temperatures, varying perhaps from 55° to 95°F. As is apparent from Fig. 3, 
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a mud that is ‘‘anomalous” at a high temperature becomes disproportionately 
more so as the temperature is increased; i.e., if a is percentage of deviation and 
T temperature, 


da 
dT? 


is positive in the range 70° to 150°F. for muds of Fig. 3 that show a large deviation. 
Thus it appears that for small temperature corrections in the neighborhood of 68°F. 
the relation is relatively valid even for muds extremely adversely affected by tempera- 
ture. It is to be stressed that this use of the equation is in contradistinction to its use 
as a means of eliminating one variable factor (i.e., filtrate viscosity) when the filtration 
behavior of a mud is being studied at widely different temperatures. 

A further distinction between reversible and irreversible “‘temperature-anomaly ” 
is useful; many muds that suffer disproportionately larger water losses upon being 
heated will not when cooled and retested at room temperature yield as low a value of 
water loss as originally obtained. This is most marked in chemically treated muds, as 
the chemical undergoes depolymerization, hydration, oxidation, precipitation, etc., 
according to its nature, upon prolonged heating. On the other hand, many muds, 
especially muds that have circulated some time in a drilling well, exhibit a low-tem- 
perature water loss unchanged by heating and subsequent cooling. 


A Study of Some Phases of Chemical Control in Clay 
Suspensions 


By Auuten D. Garrison* anp K. C. TEN BrRINK{ 
(Galveston Meeting, October 1939) 


A PREVIOUS paper! reviewed some of the properties of clays and 
shales and presented some data on the nature of the gelling phenomenon. 
It included a brief discussion of origin of clays and shales, their com- 
position, structure, retention of water, ionization, base exchange, and 
the nature of the gelling of water suspensions. Other publications 
of the Institute?-® have discussed the properties of clays and their 
relations to drilling-fluid behavior and control. It is the purpose of 
this article to present some new data obtained and arranged in a different 
manner and making possible a better understanding of the chemical 
reactions involved in the control of drilling-fluid characteristics during 
the normal drilling operations. 


EXPERIMENTAL PROCEDURE 


The difficulties involved in the measurements of the flow character- 
istics of plastic fluids are too familiar to recite. ‘The possible applications 
of some of the well-known instruments to this problem have been ade- 
quately discussed by Hobson’ and he has given an excellent bibliography. 
Although there are many viscosimeters of varied design, none of them 
appear to fulfill the most obvious demands of accuracy in the measure- 
ment of clay or shale suspensions. Since the fluid characteristics are 
dependent on the rate of flow of the fluid, and the viscosity usually falls 
off very rapidly as the rate is increased, it is clear that the first require- 
ment is that the instrument shall be capable of a wide variety of speeds. 
The viscosity of the fluid at any fixed and constant rate of flow is also a 
function of time, so that the second demand is that the instrument shall 
be capable of a constant and continuous motion for a prolonged period 
of time. 


Manuscript received at the office of the Institute Aug. 22, 1939. Issued as 
TP. 1124 in Perroteum Tecunotocy, November 1939. 
* Assistant Professor of Chemical Engineering, The Rice Institute, Houston, 
Texas. A.I.M.E. Member since September 1939. 
+ Fellow in Chemical Engineering, The Rice Institute. 
1 References are at the end of the paper. 
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The only commonly available instrument that partly meets these 
two demands is the Mac Michael viscosimeter, but that instrument is 
not well adapted to the variety of speeds demanded and the damping of 
the instrument is not adequate to deal with drilling-fluid consistency. 

The third requirement involves the design of the cup that contains 
the sample. It is important that all of the sample under observation — 
shall be flowing smoothly at as 
nearly the same rate as possible. 
It is not desirable to have any 
variety of vanes or baffles, since 
this causes a part of the fluid to 
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Fic, 1.—VIscOSIMETER CUP AND ROTOR. Fic. 2.—IMPROVED TORSION VISCOSIMETER. 


assume one viscosity while another part assumes another. It is also 
clear that the sample under observation must be thin enough in section 
to avoid channeling. 

The instrument illustrated in Figs. 1 and 2 was designed and 
constructed to conform as nearly as possible to these fundamental 
requirements. 

The sample to be measured, about 50 c.c. in volume, is contained in a 
Monel metal cup (Fig. 1). The center of the cup is filled with a hollow, 
closed cylinder thus forming an annular space between the wall of the 
cup and the inner cylinder. The rotating member, also made of Monel 
metal, consists of a cylinder with shaft attached at the closed end and so 
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mounted within the cup that the space about the rotor on all sides is 
uniform. A Monel metal lid closes the top of the cup except for the 
opening for the shaft. 

The cup containing the sample is mounted in a cast aluminum water 
bath and supported as indicated in Fig. 2. The rotor is driven through a 
rubber belt by a variable-speed electric motor with automatic speed 
control, and the speed is indicated stroboscopically. The stroboscope 
disk is mounted on the pulley wheel at the upper end of the rotor shaft, is 
scaled with black and white spots to indicate speeds of 100, 200, 400, 600, 
and 800 r.p.m., and is illuminated by a neon light on a synchronous 
60-cycle current. 

The cup and water bath rest on a graduated disk suspended on a steel 
torsion wire and free to rotate through about 150°. Vibrations are 
damped heavily by the brass cylinder, which extends from the lower side 
of the graduated disk down into heavy oil. The torque at any desired 
speed may thus be read from the deflection of the graduated disk, and the 
observations may be continued over as long a period as desired. 

The instrument was carefully calibrated with purely viscous liquids 
consisting of glycerin and water. The concentrations of the glycerin 
solutions were determined by refractive index measurements and the 
viscosities were obtained from Sheely’s data.? The calibration lines were 
straight, and the deflections were almost proportional to speeds, indicat- 
ing that substantially streamline fluid motion was obtained. These 
calibration charts were used to convert the angle of deflection into 
absolute viscosity, so that any plastic fluid could be accurately compared 
with a purely viscous one in the same cup and at the same rate of flow. 
Thus, the viscosity of a clay or shale suspension is reported in centi- 
poises, and at a certain speed expressed in revolutions per minute of the 
rotor. We have learned that this procedure is definitely better than 
attempting to correlate results simply in terms of the angle of deflection. 
There is enough deviation from ideal flow conditions even in concentric 
cylinder cups with smooth walls to justify a careful calibration at all 
contemplated speeds with fluids of known characteristics. 

The outer diameter of the rotor is 15 in. and the clearance both inside 
and out % in. This section of fluid is thin enough and the area of the 
rotor nearly enough the area of the cup walls that the plastic fluids were 
not observed to channel close to the rotor, as they sometimes do in cups 
with relatively small rotors. The Stormer instrument is particularly 
unsuitable in this respect. ' 

The fluid samples were poured into the cup until there was about one 
millimeter of fluid over the top of the lid. Any evaporation taking 
place during a measurement was thus confined to a static upper layer, 
which was not involved in the measurement. For particularly long runs 
it is convenient to place a small secondary lid, consisting of a disk of 
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damp blotting paper, over the cup to provide a vapor-saturated atmos- 
phere over the sample. 


BEHAVIOR OF SUSPENSIONS OF VARIOUS SOLIDS 


The characteristics of the instrument that has just been described 
have been studied using suspensions of various types of solids in water. 
The viscosity of a clay suspension in water subjected to steady flow is 
dependent upon the time the observation is made after the motion is 
started. The viscosity starts at a relatively high value when the first 
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Fie. 3.—MBEASUREMENTS ON KAOLIN SUSPENSIONS, AMORPHOUS SILICA, SULPHUR AND 
BARIUM SULPHATE IN WATER, PER CENT BY WEIGHT. 


motion starts, and as the motion continues the viscosity gradually falls 
to a value that may remain constant for an indefinite period of time. The 
viscosity may pass through a minimum and ultimately rise to higher 
values as motion is continued, but that phenomenon requires special 
conditions and will not be considered in this article. The data to be 
presented were obtained during approximately equilibrium conditions 
when the viscosities had attained steady values. Fig. 3 presents the 
results of measurements made upon 88 per cent, 31 per cent and 20 per 
cent kaolin suspensions. The equilibrium values determined at 800, 
600, 400, 200 and 100 r.p.m. lie on approximately straight lines provided 
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the actual viscosity in centipoises is plotted on the Y-axis and the recipro- 
cal of the revolutions per minute are plotted on the X-axis. The same 
type of speed-viscosity relation is obtained from all of the suspensions of 
kaolin in water. The lines are all straight and slopes are in the order of 
the concentration. The intercepts are in the order of the concentration. 

A number of solids of different chemical and physical nature when 
suspended in water were found to have substantially the same speed- 
viscosity relations. Fig. 3 also presents the results of a suspension of 
50 per cent amorphous silica in water, 33 per cent finely divided sulphur 
in water, and 65 per cent finely divided barium sulphate in water. The 
chemical nature of these suspended solids is quite different, in that the 
amorphous silica has a high adhesion tension relative to water, the finely 
divided sulphur has a low adhesion tension relative to water, and the 
barium sulphate has an intermediate adhesion tension relative to water. 
The particle sizes of these suspensions vary in a manner that was not 
definitely determined, but it is clear from an examination of Fig. 3 that 
the nature of speed-viscosity relationship is substantially the same as 
that of suspended kaolin. The slopes of the lines differ in individual 
eases, and the intercepts of the lines—the viscosity that would be 
obtained by extrapolating the relationship to an infinitely rapid rate of 
flow—also differ in individual cases. It appears to be a general principle 
that this intercept is higher the greater the relative volume of the sus- 
pended solids, and that the slope is higher the greater the tendency of the 
solid particles to adhere together. The latter condition obtains when the 
concentration is high and the adhesion tension is low. 

It should be noted that the method used in plotting the results of 
experimental observations by comparing viscosities with the reciprocal 
of the rate of rotation of the rotor of the instrument is substantially differ- 
ent from the usual method of plotting the viscosity of a fluid against the 
force causing the flow, and subsequent extrapolation for the so-called 
“vield value.” The results of measurements on a purely viscous liquid 
recorded in the manner used in Fig. 3 would yield a horizontal line of 
constant viscosity, whatever the rate of flow, provided that rate did not 
enter the turbulent zone. The results of this method of plotting the 
experimental data appear to indicate that the viscosities of solid suspen- 
sions are becoming higher in almost direct proportion to the reduction in 
the rate of fluid motion, and this appears to indicate that the slopes of 
these lines are quantitative measures of the tendencies of the various 
suspended particles to adhere together in the medium. It is believed 
that this method makes an obvious distinction between the part of the 
viscosity of the suspension that is due to the obstruction to flow caused 
by the rigid particles of solid, which Einstein has accounted for in his 
well-known viscosity equation, and the portion of viscosity that is due 
to the relatively rigid attachment of the particles at the points at which 
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they come in contact. The latter may be called ‘‘structural viscosity.” 
It appears that the more rapid the rate of flow in the cases of the suspen- 
sions mentioned, the smaller becomes that part of the viscosity that is due 
to the interparticle forces of attraction. Thus the intercept referred 
to above may be taken to be that part of the viscosity for which Einstein 
made his correction as distinguished from the part that may be caused 
by particle attractions. 

Suspensions of bentonitic clays have been recognized to be quite 
different from suspensions of less colloidal particles, chiefly in that less 
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Fia. 4SusPENSIONS OF WYOMING BENTONITE IN WATER. 

bentonitic material is required to cause a substantial increase in the 
viscosity of the suspension. Bentonitic clays have also been recognized 
to be those clays subject to the greatest degree of swelling when moistened 
with water. Fig. 4 shows that the viscosity-speed relations for suspen- 
sions of bentonite in water studied under the conditions described above 
are substantially different from the suspensions of relatively noncolloidal 
solids that were illustrated in Fig. 3. The results of the two suspensions, 
one having 7 per cent and the other 6 per cent of Wyoming bentonite, are 
shown in Fig. 4. It is clear that the viscosities of these suspensions, 
although the same precautions were taken to obtain the equilibrium 
values at the various speeds, do not bear the same relationship to one 
another that was found in Fig. 3. 
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These curved lines are definitely associated with the smaller particles 
of the bentonitic clay. Fig. 5 illustrates this principle. The same 
sample of Wyoming bentonite illustrated in Fig. 4 was suspended in water 
in small concentration, and was fractionated by passing through a super- 
centrifuge. Three fractions were separated, which for the sake of sim- 
plicity will be called coarse, fine and very fine. These fractions were 
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Fic. 5.—Viscosiry CHARACTERISTICS OF FRACTIONATED WYOMING BENTONITE, 
BENTONITE 4 PER CENT BY WEIGHT. 


placed in water in the same concentration, 4 per cent, and the viscosity 
characteristics determined. Extrapolation of the low speed values 


(100 and 200 r.p.m.) of viscosity into the high-speed region would yield 


an intercept for the very fine fraction that is much higher than that 
obtained by the extrapolation of the low-speed viscosities of the fine 
fraction, and both of these are substantially above the viscosity obtained 
by extrapolating the viscosities of the coarse fraction. 


EFrrrect of DEFLOCCULATING AGENTS 


There ate differences in the manner in which these suspensions react 
when treated with small amounts of deflocculating agents. Fig. 6 
presents the results of measurements of viscosities of a 7 per cent 


182 sS0ME PHASES OF CHEMICAL CONTROL IN CLAY SUSPENSIONS 


Wyoming bentonite and of a 38 per cent kaolin suspension, both before 
and after the addition of the two well-known deflocculating agents, the 
plant tannins and sodium hexametaphosphate. The viscosities of the 
two suspensions prior to the treatment when determined at 100 r.p.m. 
were substantially the same, although the viscosities determined at 
higher speeds were smaller in the kaolin suspension and, as pointed out 
above, lie approximately upon a straight line for kaolin and a curved line 
for bentonite. After the determination of these viscosities, 0.1 gram of 
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Fic. 6.—VIscOSITIES BEFORE AND AFTER dang hbebs to 
B, 7 per cent Wyoming bentonite; K, 38 per cent kaolin. 


oak-bark tannin per 100 c.c. of suspension was added in each case, 


together with enough potassium hydroxide to raise the pH+ to approxi-. 


mately 10. Fig. 6 shows that the viscosities of the kaolin suspension 
were lowered to relatively low values and that these values still lie 
approximately upon a straight line. On the other hand, the viscosities 
of the bentonite suspension were not lowered in the same degree. The 
greatest lowering appeared when the suspension was measured at low 
speed, 100 r.p.m. A smaller reduction appeared at the speed of 200 
r.p.m., and a still smaller reduction at the high speeds. The effect is to 
cause the line to appear with a greater degree of curvature than it had 
prior to the treatment. One-tenth of a gram of sodium hexameta- 
phosphate was then added to each of the samples and the viscosities again 
determined at the various speeds. Again it may be seen that the 
behavior of the two types of clays was entirely different. The inter- 
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cepts are substantially uninfluenced by the addition of the chemical 
deflocculating agents, and are very high for the bentonite as compared to 
the kaolin suspensions. 

Fig. 6 also contains the results of an addition of both deflocculating 
agents to each of the suspensions. The deflocculation obtained by the 
combined action is greater than by the individual action of the agents, 
but the extrapolation of the low-speed values of the bentonite would give 
a value well above 60 centipoises, whereas the corresponding intercept for 
kaolin is approximately 2 centipoises. These characteristics are even 
more remarkable than the fact that the bentonite concentration was less 
than one-fifth that of the kaolin. It is also noteworthy that the slopes 
of the lines through the low-speed values are not appreciably different 
in the two cases. 

We believe that Fig. 6 offers a particularly good illustration of the 
various factors that contribute to the viscosity of a clay suspension: 
(1) viscosity of the water medium itself, which in this case is very low, 
about 1 centipoise; (2) the viscosity normally attributed to the obstruc- 
tion offered by the rigid solid particles and accounted for in the Einstein 
equation referred to; (3) the forces acting between the suspended particles 
and tending toward the setting up of a relatively rigid structure through 
the suspension medium; and (4) a factor that has been referred to in the 
past as hydration. It is commonly recognized that the higher colloidal 
bentonitic clays that are capable of a high degree of swelling when 
moistened with water possess this property because of their ability to 
develop layers of combined water upon their surfaces.'° A relatively 
small part of the viscosity may be attributed to the solid volume (factor 
2), but the high viscosities observed, particularly in the highly colloidal 
bentonite, are very many times larger than the viscosity that would be 
attributed to the obstruction offered by the rigid particles. It appears 
that the two major factors contributing to the high viscosity in both of 
the above cases are the attractive forces and the hydration listed as items 
3 and 4 above. We believe that our data provide evidence that the 
chemical deflocculating agents are instrumental in lowering the attractive 
forces between the particles and thus reducing viscosity of a suspension 
in so far as these attractive forces contribute to it, but that they are not 
instrumental in lowering the part of the viscosity that is due to the 
hydration of the colloidal clay particles. In Fig. 6 it may be seen that 
the bentonite that has a relatively high intercept is relatively slightly 
influenced by the chemical deflocculating agents, whereas the kaolin 
suspension having a relatively small intercept is substantially influenced 
by the chemical deflocculating agents. Ina previous paper,! it has been 
pointed out that the alkaline tannates are instrumental in lowering the 
rate at which a gel is set up in a bentonite suspension, and here again we 
attribute the lowering of the viscosity of the bentonite suspension to 
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the weakening or retardation of the formation of attachments between the 
bentonite particles in so far as this viscosity may have been due to these 
gelling forces. We conclude that the alkaline tannates under the condi- 
tions listed above are not instrumental in removing the layers of hydrated 
water from the surfaces of the clay particles, partly from the fact that the 
chemical treatment was not capable of reducing the viscosity of the 
suspension below the value at the intercept. 

In the practice of reducing the viscosity of drilling fluids by the addi- 
tion of deflocculating agents, it has often been observed that some fluids 
respond to the treatment to a much greater extent than others. This 
may be attributed in part to the fact that shales are composed of a 
mixture of both of the clay types illustrated in the explanation above. 
Even with the complication of other factors, such as previous chemical 
treatment, salt contamination and differing content of total solids, it 
is possible to obtain drilling fluids containing different relative amounts 
of the highly colloidal and highly hydrated clays in proportion to the less 
colloidal and practically unhydrated clays. These suspensions will 
respond differently, depending upon what fraction of the total viscosity 
may be attributed to the gelling or structural forces and what fraction 
to the hydration of the highly colloidal parts of the suspension. 

If this explanation of the curvature of the speed-viscosity lines is 
correct, it appears that the hydration of the clay is partly reduced by the 
fluid motion at the highest speeds. This is not inconsistent with the 
surface chemistry of the clay particles. Hydrated water is now believed 
to appear!” in multiple layers of hexagonal nets, each successive net hav- 
ing a weaker force of attachment than the layers nearer the surface of the 
particle. The outer layers are held by such weak forces that they may 
be easily stripped off by motions that are rapid enough to approach the 
turbulent zone. 

It is thus reasonable to suppose that the extrapolation of the low-speed 
viscosities would give the Einstein volumetric effect of the completely 
hydrated particles, whereas the extrapolation of the high-speed values . 
would give Einstein volumetric effect of the particles stripped of their 
nets of hydrated water. 

Additional evidence that the interpretation of the viscosity lines of 
bentonite given above is correct may be obtained from a study of the 
viscosity curves at different temperatures. Fig. 7 presents the results of 
such an investigation. The suspension of Wyoming bentonite and water 
containing 7 per cent of the natural Wyoming bentonite was aged for a 
sufficient time to permit the hydration and swelling to become pro- 
nounced. Its viscosity was first studied at the temperature of 26° C. 
and the results are shown in Fig. 7, having the characteristic appreciable 
curvature. The temperature was then raised, and measurements made 
at higher temperatures. The extrapolation of each of these lines from 
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the low-speed values will yield intercepts that continually become smaller 
as the temperature increases. In effect, the line becomes more nearly 
a straight line at a high temperature and the slope is substantially 
increased. It cannot be said with accuracy that the viscosity is either 
increased or decreased without stating the exact speed at which the 
determination was made. By comparing any two temperatures, it may 
be seen that there is some speed at which the viscosity does not change 
at all, and that below this speed the viscosity is increased by increasing 
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Fic. 7.—VISCOSITY LINES AT VARIOUS TEMPERATURES, 7 PER CENT 
WYOMING BENTONITE. 
temperature, and above this speed the viscosity is decreased by increasing 
temperature. It is well recognized that hydration of colloidal clays is 
reduced by raising the temperature. Our interpretation of the curvature 
of the bentonite lines is thus substantiated if one simply assumes that the 
reduction of the hydration due to increasing the temperature thins 
the films of hydrated water about the particles and lowers that part 
of the viscosity that is due to hydration, but in doing so increases the 
speed of gelling both by making it possible for the particles to approach 
more closely and by increasing the speed of their motion. Thus the 
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increasing temperature increases the part of the viscosity that is due to 
structural attachments between the particles, while decreasing the part 
of the viscosity that is due to hydration. 


INFLUENCE oF PH+ anp Metatuic [ons 


Further evidence of the extent to which factors of gel structure and 
hydration are subject to the customary methods of chemical control has 
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Fig. 8.—VIscosITy LINES AT VARIOUS PH+ VALUES, 5 PER CENT ELECTRODIALYZED 
WYOMING BENTONITE PLUS SODIUM HYDROXIDE. 


been obtained from a study of suspensions of highly colloidal bentonitic — 
clay after all of the exchangeable metallic ions had been removed from 
it by electrodialysis, and also after metallic ions of different nature had 
been returned to the bentonitic structure. Fig. 8 presents the data that 
were obtained from a study of 5 per cent electrodialyzed Wyoming 
bentonite to which the sodium ions were returned by successive additions 
of sodium hydroxide. The electrodialyzed bentonite had a pH+ of 2, 
and the particles in this suspension were relatively large, resembling in 
size the kaolin particles. The viscosities of this suspension fall very 
nearly upon a straight line with a relatively low intercept (Fig. 8). The 
first small addition of sodium hydroxide sufficient to raise the pH + to 2.7 
produced a deflocculating effect upon the suspension, indicated by the 
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fact that the viscosity was reduced to approximately 10 centipoises at 
100 r.p.m. The points obtained by making measurements at the higher 
speeds lie very nearly upon a straight line. Successive additions of 
sodium hydroxide as indicated in Fig. 8 cause a substantial increase in the 
intercept values. This increase seems to occur at the point where the 
pH-+ was observed to be about 4.5, although the slope of the line at that 
pH-+ does not indicate appreciable flocculation. Increasing pH+ beyond 
the value of 4.5 again lowers the slope of the line, indicating 
increased deflocculation while at the same time maintaining the relatively 
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Fig. 9.—Viscosities aT 100 REVOLUTIONS PER MINUTE. 


high intercept. The slope again became steep when the pH ae of 11 was 
exceeded. Although the percentage of Wyoming bentonite is too low 
to exhibit the high intercepts observed in Figs. 4 and 5, the slope of the 
line where the pH-+ is 11.3 is approximately the same as the slope 
of the line where the pH-++ is 2, and the intercept has been increased by 
the addition of sodium hydroxide. It is noteworthy that the bentonite 
when electrodialyzed to a pH+ of 2 to 2.7 does not show the phenomenon 
of swelling, and that an increase in pH+ beyond this relatively low range 
causes a simultaneous swelling and rise of the value of the intercept. 
Fig. 9 presents these data in a different manner. The viscosities 
determined at 100 r.p.m. are plotted in this figure on the Y-axis, the 
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pH-+ on the X-axis. A dotted line is also placed on the figure to show 
how the intercepts depend upon the amount of the base added. 

These experiments were duplicated using barium hydroxide instead of 
sodium hydroxide. Fig. 9 contains also the curve obtained by plotting 
the viscosities measured at 100 r.p.m. against the pH+, which was 
increased by the addition of barium hydroxide. A second dotted line is 
also placed on this figure to show the intercepts of the several lines in this 
second case. In general, the same results were obtained when barium 
hydroxide was added but there were two noteworthy exceptions: (1) 
After the small additions of barium hydroxide had lowered the viscosity 
to a minimum, successive additions caused a much more rapid rise in the 
slope of the lines and in the viscosity when measured at 100 r.p.m.; 
(2) the intercepts of the lines for barium were almost exactly the same on 
alllines. These results are to be anticipated from the recognized fact that 
the sodium bentonite swells and hydrates in water to a much greater 
extent than the barium bentonite. The failure of the barium bentonite 
to increase the value of the intercept as the pH-+ is raised is further 
evidence that we have obtained substantially a measure of the part of 
the viscosity that may be attributed to hydration. 

It is noteworthy that a minimum in the low-speed viscosity falls 
within the region 9.5 to 10.5 pH-+ for the sodium clay (Fig. 9). It has 
been previously indicated that this corresponds to the position of the 
minimum gel rate.!_ In field practice in the treatment of drilling fluids 
it has been found that the deflocculating effect of the plant tannins 
appears to be a maximum within this pH-+ region, and it is therefore 
frequently recommended that drilling fluids be maintained within this 
region for optimum viscosity reduction. 

Conditions of drilling may make this recommendation inadvisable. 
Many natural clays and marine shales are composed of mixtures of clays 
and other solids. They contain sodium, calcium, and other exchangeable 
metals. Both the hydratable and nonhydratable clay types are present. 
Our experiments indicate definitely that the deflocculating procedure that . 
consists of the addition of alkaline plant tannins functions by lowering 
the structural viscosity without substantially influencing the part of 
the viscosity that is due to hydration of the more colloidal parts of the 
shale. In another paper it will be demonstrated that this high pH+ 
policy is not always advisable when it is desirable to maintain as low a 
viscosity as possible, since it has been found that certain fractions of the 
shales and clays that are not originally in the hydrated condition become 
hydrated at the higher pH+ values. Our experiments have shown that 
an increase in colloidal dispersion and subsequent increase in hydration 
may occur within this high pH-+ region, which more than offsets the 
reduction in viscosity attained through the ability of the deflocculating 
agent to reduce structural viscosity. / 
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The usual method of measuring the viscosity of drilling fluid with the 
Marsh funnel is unfortunate in that it is impossible to measure the 
viscosity at any fixed rate of flow. The method inherently involves a 
measurement of differences in rate of flow. When the viscosity appears 
to rise, it is impossible to tell with this instrument whether the rise in 
viscosity is due to increased hydration of the more colloidal portions of 
the shale or to the structural factor of viscosity. 

These results (Figs. 3 to 9) explain to some extent the conflicting 
observations made upon the action of deflocculating agents in the field 
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Fic. 10.—Errects OF VARIOUS DEFLOCCULATING AGENTS. NaturaLt MIocENE 
SHALE SUSPENSION, 30 PER CENT BY WEIGHT. 


by the use of funnel instruments. In some cases it may be observed that 
the fluids do not respond at all to the addition of the chemical deflocculat- 
ing agents, while in others reductions in viscosity are observed that are 
either large or small for reasons that cannot be ascertained by the 
funnel instruments. 


Errect of Various Sopium SALts 


The nature of the effect of the addition of other well-known defloc- 
culating agents upon the viscosity characteristics of clays and shales in 
suspension has been shown by our instrument to be similar to that 
obtained by the addition of the molecularly dehydrated phosphates and 
the plant tannins. Fig. 10 presents the results of a study of a number of 
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sodium salts known to be deflocculating agents. The suspension involved 
in this study was a typical marine shale from the Gulf Coast region, 
containing approximately 30 per cent of total solids in suspension. An 
appreciable fraction of this shale was bentonitic in nature. Each of the 
deflocculating agents was added to a sample of this suspension in various 
amounts, and the viscosities were determined at various speeds. Fig. 10 
presents the viscosities measured at the speed of 100 r.p.m. as a function 
of the amount of material added to the suspension. In all of these cases 
it was found that the viscosity reduction may be attributed to the 
lowering of the forces of attachment between the suspended particles and 
that the intercepts of the viscosity lines were not materially influenced 
by the deflocculating agents. 

The effects of these deflocculating agents have been attributed in the 
past to various factors. One of these is known to be the ability of the 
deflocculating agent to remove the calcium and magnesium ions. This 
factor is not the predominating one (Fig. 10), since the order of the defloc- 
culating ability is not the same as the order of the solubility of the 
alkaline-earth salts. Two other explanations have been offered, the first 
involving an increase in the electric charge due to the adsorption of the 
negatively charged ions, the second involving the blocking of the broken 
bonds on the surface of the clay grains. Whatever the mechanism 
determining the deflocculation, our experiments indicate that the portion 
of the viscosity that may be attributed to the hydration is not sub- 
stantially reduced, but that the observed change in viscosity may be 
attributed to a reduction in the structural factor. 

Fig. 10 discloses another reason for the failure of certain deflocculating 
agents to function after they have been used for a period of time in 
drilling-fluid practice. For example, if sodium pyrophosphate had been 
used in drilling operations for several days, it may be that the addition 
of the chemical has reached a minimum on the curve for that material 


illustrated in Fig. 10. It would then be observed that further additions 
of this deflocculating material would cause a rise in the viscosity rather — 


than a lowering. It is important in the chemical control of drilling fluid 
that this phenomenon be recognized and that the failure of the chemical 
deflocculating agent from this cause be distinguished from failure from 
the other causes that have been mentioned. It is noteworthy that the 
neutral molecularly dehydrated phosphates do not exhibit this reversal of 
effect within the range of the amounts usually added. 


CHEMICAL REDUCTION OF THE HYDRATION 


We have presented some experimental evidence in Fig. 11 to show that 
carefully controlled chemical treatments may result in varied types of 
viscosity characteristics. A 7 per cent Wyoming bentonite suspension 
measured in a manner already described was treated with 0.1 gram of 


“te 


ail 


ALLEN D. GARRISON AND K. C. TEN BRINK 191 


sodium hexametaphosphate per 100 c.c. of suspension. The curvature 
of the viscosity line was increased (Fig. 11) and the viscosity reduction 
appeared principally in the low-speed values. Another sample of the 
7 per cent suspension was treated with barium hydroxide until the pH+ 
was 11.2. The suspension was allowed 96 hr. to attain an equilibrium 
with the barium hydroxide and the measurements of viscosities were then 
made, taking the usual precautions to permit the viscosity to attain 
equilibrium at each speed. The results are shown in Fig. 11. This 
sample was then treated with carbon dioxide gas until the pH+ was 
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Fic. 11.—DEFLoccULATION ACGOMPANIED BY IONIC EXCHANGH; 7 PER CENT BENTONITE. 
lowered to 7.8, which removed the excess of the barium ions that had not 
become adsorbed on the clay and at the same time removed any calcium 
or magnesium that may have been displaced from the clay by base 
exchange. The clay was thus converted to some extent into a barium 
clay. Since barium is a divalent ion and at the same time relatively less 
hydrated than the ions that formerly were present on the clay, it might be 
expected that the factor of viscosity due to hydration would be reduced. 
It might also be expected that the barium clay would be more easily 
flocculated and would therefore have a higher viscosity due to the struc- 
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tural attachments between the clay particles. That both of these results 
were obtained may be ascertained from examination of the resulting vis- 
cosity relationship. 

This suspension was then treated with 0.1 gram of sodium hexameta- 
phosphate, with the results indicated in Fig. 11. It is clear that the 
viscosity reduction at all speeds is greater in this case than in the defloc- 
culation of the original untreated bentonite suspension with the hexameta- 
phosphate alone. The lines are similar in curvature, the upper portions 
of the lines are similar in slope, but the intercepts obtained by extrapolat- 
ing the low-speed values to infinite speed are remarkably different. 
This illustrates the fact that it may be possible to lower both the struc- 
tural factor and the hydration factor of viscosity, provided the clay is 
deflocculated under conditions that favor a reduction in hydration. 

The deflocculating agents that have been commonly used in the past 
appear to be those that influence structural viscosity only. To control 
hydration is a manipulation that is not so simple. It involves such 
methods as an exchange of ions on the clay surface for less hydrated ions, 
or a complete removal of these ions such as is obtained during electro- 
dialysis, or the dehydrating effect of an excess of some water-soluble salt, 
or the addition of dehydrating liquids, such as alcohol or acetone. 

Fig. 12 further illustrates the factors of viscosity discussed above. 
The left-hand side of the figure shows clay in two states of dispersion, 
but both of them in the flocculated state. The condition illustrated 
in the upper part of the figure is one of relatively large particles composed 
of a multitude of primary crystal laminations. These large particles are 
flocculated, meaning that they adhere together in flocks or loosely 
attached groups of particles, which trap water very much in the manner 
in which a sponge holds water. 

The right-hand part of the figure shows a clay in two different condi- 
tions of colloidal dispersion, but both in a deflocculated state. The 
condition illustrated in the upper right-hand position is one in which the 
large secondary clay grains remain intact, but relatively free to move _ 
about in the suspension as contrasted with the flocculated condition in 
which the particles had a great tendency to adhere together. The lower 
right-hand portion of the figure illustrates the increased colloidal disper- 
sion of clay by a more complete separation of the larger particles into their 
smaller lamellar crystals. It is well recognized that this separation takes 
place more easily with the lithium and sodium clays and that it is favored 
by a negative electric charge on the clay particles. It is also recognized 
that the separation into individual crystal sheets is accompanied by 
hydration, which in this figure is illustrated by a dotted line surrounding 
the small particles. In describing the chemical treatment of clay 
suspensions, these different forms must be distinguished in more accurate 
terminology. It is consistent with the origin of the words and with their 
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usage in colloid chemistry to refer to the changes indicated in Fig. 12 
by the arrows 1 and 2 as “‘deflocculation” and ‘‘flocculation,’’ respec- 
tively. This is equally accurate whether the flocculation or defloccula- 
tion occurs in a very highly colloidal or hydrated material, or applies to 
coarser suspended particles. 

The changes indicated by arrows 3 and 4 may simply be described as 
‘increased colloidal dispersion” or ‘‘decreased colloidal dispersion.” 

In the practical chemical control of drilling fluid, it is also necessary to 
distinguish and adjust the factors that favor the different forms; for 
example, during the drilling of formations that do not contribute to the 
colloidal material of the drilling fluid in appreciable amounts, it is desir- 
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able to add to the drilling fluid just enough of the highly hydrated and 
highly dispersed form illustrated in the lower right-hand part of the 
figure to maintain the proper physical characteristics of the fluid. The 
amount of materials of this kind would remain approximately constant 
under the drilling conditions outlined. . 

But during the drilling of more bentonitic clays, and particularly 
during the drilling of the more colloidal marine shales, it is found that the 
highly dispersed and highly hydrated colloidal form may spontaneously 
increase to excessive amounts. It is therefore important in these cases 
to recognize that the chemical control should be directed only to the 
maintenance of deflocculation under conditions that do not favor any 
tendency to increase in dispersion and hydration. This is all the more 
important when it is necessary to add weighting material to the drilling 
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fluid. Another article will present a study of some of the factors that 
determine the increased colloidal dispersion of clays and natural shales 
during conditions that are common to the usual drilling procedure. 


REFERENCES 


. Garrison: Trans. A.I.M.E. (1939) 132, 191. 

. Craft and Exner: Trans. A.I.M.E. (1933) 103, 112. 

Burke: Trans. A.I.M.E. (1935) 114, 53. 

. Lewis, Squires and Thompson: T'rans. A.I.M.E. (1935) 114, 38; and (1936) 118, 71. 
Gross: Trans. A.I.M.E. (1938) 127, 263. 

Reed: Trans. A.I.M.E. (1938) 127, 240. 

Routh and Craft: A.I.M.E. Tech. Pub. 961 (Petr. Tech., Aug. 1938). 

Broughton and Hand: A.I.M.E. Tech. Pub. 1002 (Petr. Tech., Nov. 1938). 

. Hobson: Jnl. Inst. Petr. Tech. (1935) 21, 204. 

. Hendricks and Jefferson: Amer. Miner (1938) 23, 863. 


SLMNSARWN PE 


— 


Dispersion of Clays and Shales by Fluid Motion 


By Auten D. Garrison,* K. C. ren Brinx{ Anp P. B. Enxint 
(Galveston Meeting, October 1939) 


Ir is the purpose of this article to present the results of an investiga- 
tion of certain clay and shale suspensions having viscosities that are 
materially influenced by fluid motion, and to discuss the bearing of these 
results upon the choice of policy in the control of drilling fluids. A 
previous article described the design and the characteristics of an instru- 
ment adapted to measure the viscosity of plastic suspensions during 
continuous uniform motion and at a variety of speeds. 

It has long been recognized that the viscosity of a clay suspension 
depends on the past history of the fluid motion. Since an abundance 
of literature is available on this phenomenon,’ it is not necessary to 
describe it in more than general terms. It is usually observed that 
rapid motion reduces the viscosity of a clay suspension, and that some 
time is required for the viscosity to fall to its equilibrium value after 
the steady motion is started. On reducing the speed of motion to some 
lower value, the viscosity again rises, but it also requires some time to 
attain a steady viscosity value at the slower rate of motion. Thus clay 
suspensions are usually observed to be increasing in viscosity as time 
passes when the measurement has been immediately preceded by fluid 
motion that was more rapid than that employed in the measurement. 
And it is usually observed that the viscosity falls as time passes when 
the measurement has been preceded by more quiescent conditions. 
Reed,? and Broughton and Hand‘ have reported a condition of observa- 
tion of clay suspensions in which the viscosity was observed to fall during 
the first few moments of steady motion, and rise thereafter. 

The characteristics of the new instrument are particularly well adapted 
to studies of this kind. With it we have been able to observe all of 
the phenomena described above, and it is important to understand 
their nature because they all occur at some time during normal drill- 
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ing operations. This is particularly true of the rise in viscosity from a 
minimum value. 


EXPERIMENTAL PROCEDURE 


The viscosity instrument was operated in the manner described in 
the previous article! Measurements made at the various speeds were 
recorded as a function of time. As a rule, the speed of 600 r.p.m. was 
chosen as the most suitable for examining the manner in which the 
viscosity characteristics changed during long continued liquid motion. 
When it was desirable to determine the viscosity characteristics of the 
fluid that had resulted from one of these long continued runs at 600 r.p.m., 
the same procedure was adopted as that already described. During the 
experiments the temperature was from 25° to 30° C. (room temperature), 
and it was not found necessary to control this temperature by thermo- 
static devices, since the results were not critically dependent upon 
slight changes in temperature. 

When a fluid was to be measured, it was placed in the instrument 
in such a manner that the lid of the viscosity cup was flooded with fluid 
to a thickness of about one millimeter. In long continued runs a second- 
ary lid consisting of a disk of blotting paper moistened with water was 
placed over the sample to prevent evaporation of water. The rotor 
was started and adjusted as quickly as possible at 600 r.p.m., and the 
deflections were observed at regular intervals. The instrument permits 
observation of the viscosity almost instantaneously at any time after 
the motion has started, without discontinuance of the motion or change 
in speed. 

When a typical kaolin clay suspension was measured in this manner 
and the viscosities plotted on the Y-axis against time on the X-axis, 
it was usually observed that the viscosity was reduced rather quickly to 
an equilibrium value that remained constant for a relatively long period 
of time. It was usually observed that in clay suspensions capable of 


forming rigid gel structures, bentonite for example, the time required — 


for the viscosity to fall to an equilibrium value was frequently as long 
as 20 to 30 min., whereas suspensions capable of forming only a weak 
gel structure attained a minimum viscosity in from 1 to 5 minutes. 

A number of clays and shales were studied under varying conditions 
for periods of time ranging from a few minutes to many hours. Among 
these materials were typical bentonites, kaolin, Texas clays, and repre- 
sentative marine shales. A sample of clay obtained from central Texas 
and several samples of marine shale were found to exhibit the property 
of increasing viscosity after having passed through a minimum. Experi- 
ments were planned to study these suspensions under conditions that 
would permit one factor to be varied while all other significant factors 
were kept constant. As a result of these investigations it was found 
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that the increase in viscosity of these fluids was dependent upon the time 
the clay had been suspended in the water, the concentration of the 
suspension, the pH-+, the nature of the metallic ions associated with the 
clay, and the presence of certain deflocculating agents. 


AGE OF THE SUSPENSION 


Results of experiments directed to the determination of the effect 
of time of contact of the clay with water upon its viscosity characteristics 
are presented graphically in Fig. 1. A sample of Texas clay was sus- 
pended in water in a concentration of 20 per cent by weight. The clay 
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contained only the water that was normally present in equilibrium 
with the air of the room prior to introducing it in the water suspension. 
Fig. 1 contains the results of three series of experiments, the first per- 
formed one hour after the water suspension was prepared, the second two 
days after the water suspension had been prepared, and the third nine 
days after the water suspension had been prepared. In each case the 
minimum viscosity obtained during the run appeared within the first 
1% to 2 min., and after that time the viscosity rose during the run. 
The effect of aging is remarkable. 

We have found that this is a rather common occurrence, not only 
for this particular sample of Texas clay but for all those samples of clays 
and shales that display the property of increasing viscosity during 
fluid motion. For this reason care was taken to keep this factor constant 
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during the observation of the effect of varying other factors. In sub- 
sequent experiments the time of contact of the clay with water will 
be stated. 


CONCENTRATION OF SUSPENSION 


The second factor having substantial influence on the rate of increase 
of the viscosity during continuous fluid motion was the concentration 
of the suspension. Fig. 2 illustrates the extent to which this factor is 
important. The figure contains the results of experiments performed on 
the same Texas clay used in the first experiments, this sample having 
been aged in water for two days. Only the factor of concentration was 
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Fig. 2.—INCREASE OF VISCOSITY DURING CONTINUOUS FLUID MOTION, CONCENTRATION 
OF SUSPENSION BEING VARIED. 


varied in these tests. The results of the 20 per cent suspension are 


compared with those of the 25 per cent suspension. The increases in 
viscosity were uniform, but with the 25 per cent suspension much more 
rapid. It required 100 min. to increase the viscosity of the 20 per cent 
suspension from 20 to 56 centipoises; it required only 39 min. to increase 
the viscosity of the other from 38 to 107 centipoises. Fig. 4 also presents 
the results of measurements made upon a typical marine shale, of the 
Miocene age, which had been pulverized and dried in air and which was 
added to a sodium hydroxide solution 30 min. before the start of the 
viscosity determination. The amount of the sodium hydroxide in the 
water was 0.311 milliequivalents per gram of shale in each case, and 
the pH + of the resulting suspension determined immediately prior to the 
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runs was 11.1. The experiments differ only in the concentration of the 
shale suspensions. It appears to be a general principle that the increase 
in viscosity during the fluid motion is very rapidly accelerated in the 
range of concentrations within which the viscosity rises rapidly with 
slight increases in the concentrations of suspended solids. 


THe pPH-+ oF THE SUSPENSION 


The third factor determining the rate of rise of the viscosity with 
time is that of alkalinity. Fig. 3 presents in graphical form the results 
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of two series of experiments, the first performed upon a sample of Texas 
clay that had been suspended in water for three weeks and that contained 
20 per cent by weight of clay. The second series shows the results of 
adding this same sample of Texas clay in the air-dried condition to the 
water medium 30 min. prior to the beginning of the measurements. 
The first series contains three experiments; the first was performed 
on the suspension in water alone having pH-+ of 7.7; the second was the 
game as the first except that enough sodium hydroxide was present to 
raise the pH-+ to 8.97; and the third was the same as the others except 
that enough sodium hydroxide was added to raise the pH-+ to 11.18. 
The starting viscosities were very nearly the same; namely, 39, 40 and 42. 

In the second series the air-dried clay was added to a lithium hydroxide 
solution to a concentration of 12 per cent by weight. The first experi- 
ment of this series contained 0.148 milliequivalents of lithium hydroxide 
per gram of clay and had a pH-+ of 10.3 at the beginning of the measure- 
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ment. In the second experiment 0.311 milliequivalents of lithium 
hydroxide were present per gram of clay, and the pH+ was 11.1. The 
first experiment resulted in uniform rise in viscosity from 13 to 51 in 
80 min. The second experiment resulted in a rise in viscosity from 
80 to 154 in 6 minutes. 

It is clear that an increase in pH+ above 7 and up to at least 11.1 
involves a substantial increase in the rate at which the viscosity rises 
during continuous motion. This principle is not specific to the sample 
of Texas clay, but was observed ‘to apply as well to some representa- 
tive shales. 

Since it is well known that an increase in pH-+ from 8 to about 11 
involves a more complete exchange of the metallic ions for the hydrogen 
ions in the clay structure, and since it is also well known that the degree 
of colloidal dispersion is much higher for the lithium and sodium clays, 
it is logical to conclude that the very great increase in viscosity observed 
at high pH+ values was associated with an increase in colloidal dis- 
persion of the clays or shales, and the resultant increase in hydration. 
When the experiments described below are examined with this mecha- 
nism in mind, many of the observed phenomena are consistent and to 
some extent predictable. 


INFLUENCE OF MeErtTA.Luic Ions 


The applicability of the Hofmeister series to the base exchange 
properties of clays is now well recognized.*:! Lithium ions are more 
highly hydrated than sodium ions, and potassium and barium are much 
less hydrated. Lithium clay is therefore more highly ionized and 
hydrated than sodium clay, and the ionization of potassium and barium 
clays follows in the same order as the hydration of these ions. If a 
neutral clay should be made alkaline with the hydroxides of each of the 
metals named above, it should be found that the Hofmeister series would 
predict the extent of colloidal dispersion and hydration and therefore 
the rate of rise of viscosity with time. 

A sample of Texas clay dried in air was added to solutions of the 
above-named metallic hydroxides to make 12 per cent suspensions. 
Each suspension was permitted to stand exactly 30 min. prior to the 
beginning of the measurement. Each suspension contained 0.311 
milliequivalents of base per gram of clay. Each suspension was run 
continuously at 600 r.p.m., and the data obtained are presented graphi- 
cally in Fig. 4. 

The difference in behavior of the four suspensions is very noticeable. 
When these suspensions were permitted to stand for a day or more, other 
changes took place, which were again dependent upon the nature of the 
exchangeable metallic ions. These changes are also shown in Fig. 4. 
After 12-hr. standing, the lithium hydroxide suspension, when again 
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subjected to a measurement at 600 r.p.m., dropped its viscosity quickly 
to about 55 centipoises, and again increased steadily, but not as rapidly 
as it had the day before. It reached a value of 86 centipoises after a 
total running time of 46 min. This suspension developed a substantial 
gel structure on standing for a period of 2 hr. and when again subjected 
to 600 r.p.m. exhibited the characteristic curve that is commonly observed 
when a thixotropic bentonite suspension is measured; namely, a relatively 
slow reduction in viscosity to a minimum value. In this case it required 
about 15 min. Here again the viscosity continued to rise during the 
600-r.p.m. determination, and again at the end of 150 min. total running 
time demonstrated its ability to gel on standing 2 hr. For the third 
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time it exhibited the same phenomena of reduction in viscosity during 
the break in the gel structure and subsequent rise with continued running 
until at the end of 200 min. total running time it had a viscosity of 
112 centipoises. 

During these measurements several determinations of pH-+ were 
made, one at the end of 45 min. total running time, another at the end 
of 200 min. total running time. These pH+ values are indicated on 
Fig. 4. It is noteworthy that the pH+ continued to fall during the 
measurements. It is also noteworthy that the minimum viscosity that 
could be attained at any time during the individual measurements was 
steadily increasing. . 

The results obtained with the suspension in sodium hydroxide were 
similar: first, in the fact that the rest period of one day after the first 
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measurement caused the viscosity to drop back very nearly to its original 
value; second, in that subsequent measurements caused substantial 
rise in the viscosity, although not as great as that in the lithium suspen- 
sion; and third, in that there is evidence of increasing thixotropy. 

The same behavior was exhibited by the potassium hydroxide sus- 
pension to a lesser degree. The barium hydroxide suspension con- 
tinued to maintain the same viscosity throughout the entire period 
of observation. 

The pH-+ values observed at intervals are recorded on Fig. 4. Al- 
though the pH+ values of all the suspensions were approximately 
the same at the beginning of the measurements, the extent to which 
these values were reduced by the measurements is also in order of the 
Hofmeister series. The lithium clay was reduced from a pH-+ of 11.1 
to 9.67, while the sodium clay was reduced from 11.1 to 10.69, and the 
barium clay from 11.2 to 11.1. 

All of these results may be interpreted satisfactorily if it is assumed 
that the rise in viscosity observed during the measurements is directly 
attributable to the increased colloidal dispersion of the clays and to the 
subsequent increased hydration of the small particles. The reduction 
in viscosity that appears during the interval of the 12-hr. rest period 
at the end of the first run may be attributed to chemical changes. The 
structure of the clay has been sufficiently disrupted by previous motion 
to permit the reaction of a substantial part of the base with the clay. | 
The pH-+ was thus substantially reduced. Before it was reduced and 
during the first run the clay was flocculated by the excess base. The 
condition corresponds to the point high on the curve in Fig. 9 of the 
previous article.1 After the clay structure had been opened to some 
extent and the pH+ reduced to the range 10.3 to 11, the flocculating 
effect of excess base disappeared, and the condition is represented by the 
position of the minimum in the curve of Fig. 9 of the previous article.! 
The fact that the bases were absorbed in the order of the Hofmeister 
series, and that the increase in viscosity was in the order of the bases | 
absorbed, is also compatible with the fact that increased colloidal dis- 
persion is occurring to a greater extent in the first members of the Hof- 
meister series; namely, lithium and sodium. 

Essentially the same results were observed in connection with a 
typical Miocene shale. The representative sample of the shale was 
pulverized and dried in air. It was placed in suspension containing 
27.5 per cent solids 30 min. prior to the beginning of the viscosity meas- 
urements. Three experiments were performed with the same amount of 
shale, the same time of contact with water, and the same number of 
milliequivalents of base per gram of shale (0.311). The experiments 
differ only in the metallic ions. The shales behaved substantially in 
the same way as the clays described above. 
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The same relative pH-+ changes were observed in the marine shale. 
The lithium suspension changed from 11.2 to 10.57. The sodium 
suspension changed from 11.04 to 10.65, and the potassium suspension 
from 11.2 to 10.77. The relative changes were again in the order of the 
Hofmeister series, both in regard to the rate of change of viscosity with 
time and in regard to the extent to which the pH+ was reduced. 

It is possible to present rather convincing evidence that the regular 
increase in viscosity observed in these experiments is accompanied by a 
substantial increase in colloidal dispersion and hydration of the clay 
involved. The distribution of the particle sizes in a sample of the Texas 
clay was determined by a standard sedimentation method both before 
and after the viscosity had been increased in the suspension by long 
continued fluid motion. The data are presented in Table 1. Column 1 


TaBLe 1.—Particle-size Distribution before and after Prolonged Viscosity 
Measurements at 600 Revolutions per Minute 
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contains the ranges of particle sizes within which the determinations 
were made. Column 2 contains the percentages of the suspended clay 
appearing within the ranges specified, and determined on a 0.87 per cent 
suspension of the clay in water prepared simply by adding the air-dried 
clay sample to the water and permitting the suspension to age. Column 
3 contains the results of a similar measurement of the percentages of 
clay falling within the same range of partiele sizes, the determination 
having been made after a 30 per cent water suspension had been run 
continuously for several hours at 600 r.p.m. and after the viscosity had 
been observed to rise much higher than was shown in Fig. 2 for the 
29.7 per cent suspension. Column 4 contains simply the difference 
between column 3 and column 2. It is significant that the percentage 
of clay within the large particle range is smaller after the long continued 
fluid motion. On the other hand, the percentage of clay having highly 
dispersed particles and smaller than 2.5 X 10-* cm. in apparent radius is 
shown to have increased by more than 12 per cent. It is not possible 
to determine to what extent this apparent reduction in particle size is 
due to increased hydration and to what extent it is due to actual sub- 
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division. It is clear, however, that the two effects are intimately 
associated. It is well known that the clays that are highly colloidal 
are also the clays that display the greatest degree of hydration and 
swelling. It may be said briefly that the long continued fluid motion 
has rendered the clays and shales more highly colloidal in nature. 

Each of the factors (Figs. 1 to 4) contributing to the extent of this 
colloidal dispersion may be explained by reference to the established 
clay chemistry. For example, it is known that the time of contact of 
the clay with water determines the extent of hydration and swelling.® 
It is reasonable to expect that fluid motion and the resultant tendency to 
disrupt the clay particles would be more effective not only after the clay 
had been in contact with water for a long period of time but also when the 
concentration of the suspension is high enough to develop large fric- 
tional forces. The pH+ effect, which has been described, and the 
appearance of the Hofmeister series in connection with the metallic 
ions are also consistent with accepted clay chemistry. 


CHANGES DURING DRILLING OPERATIONS 


There are a number of factors which have already been recognized 
to influence the rise in the viscosity of drilling fluid during normal drilling 
operations. Among these factors are: the accumulation of a larger amount 
of total solids; the exchange of metallic ions between the clays of the 
drilling fluid and the shales of the formation drilled; the loss of defloccu- 
lating agents; the presence of flocculating salts in the natural water of the 
formation drilled; and unfavorable changes in temperature. We believe 
that our experiments definitely indicate that the factor of the increased 
colloidal dispersion and hydration of the natural clays and shales must 
also be added to this list, and must be subjected to considerable study 
before we may obtain a complete solution to the problem of control of 
drilling fluid. 

Undoubtedly, the accumulation of solids during drilling is closely 
related to this increased dispersion. When drilling in shale, it is possible 
to have most of the cuttings formed at the bit large enough to be com- — 
pletely removed by the screens; but during the passage up to the surface, 
these cuttings are subjected to the grinding action of the drill stem and to 
the influence of rapid fluid motion. The cuttings may be so disintegrated 
by this action that a large fraction may pass through the screens and 
remain in the fluid. The cohesion acting between the ultimate individual 
particles of each shale fragment oppose this grinding action. These 
forces of cohesion are fundamentally the same, whether the original 
aggregate is large in size or near the colloidal zone. Thus, any circum- 
stances that favor the weakening of the cohesive forces, and the increased 
dispersion and hydration of the shale, will also increase the fraction of 
the shale passing the screens. 
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After shale fragments have passed the screens, their presence may 
not become immediately apparent by measuring the viscosity. But 
as time elapses (Fig. 1), under the influence of fluid motion, particularly 
when there are already appreciable solids present (Fig. 2), dispersion 
advances. The viscosity is increased, for several reasons: (1) there are 
produced a greater number of individual grains capable of building a gel 
structure and thus contributing to the structural viscosity; (2) particles 
are released within the colloidal range and, if capable of hydration, 
increase that part of the viscosity that is contributed by the factor of 
hydration; (3) new surface areas are developed, and there may be a 
deficiency of deflocculating agent to completely cover these new areas 
and prevent flocculation; and (4) base exchange between the drilling- 
fluid clays and the marine shales may release metallic ions that are more 
flocculating in nature (Fig. 4). These difficulties are not immediately 
evident at the time the solid content of the drilling fluid rises; they 
develop later and are the result of increased dispersion. 

It is noteworthy that this phenomenon is subject to some chemical 
control. Elementary factors have already been demonstrated. Some 
retardation of the effect may be obtained by a drastic reduction in the 
total solid content (Fig. 2) of the fluid and by a restoration of the density, 
if necessary, by solids of higher specific gravity than clay. Deflocculating 
agents help by lowering interparticle friction, but it is not advisable to 
combat this problem with adjustments to high pH+ values. It may 
be possible to obtain better temporary deflocculation in this region, but 
if shale dispersion is promoted as rapidly as it was in the test of Fig. 3, 
the immediate improvement in viscosity may be more than offset by 
accelerated dispersion of shale fragments. 
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Chapter III. Petroleum Economics 


The Economics of Overdevelopment 


By Joun D. Griu* 
(New York Meeting, February 1939) 


Tue purpose of this paper is to invite attention away from the 
obvious. direct monetary costs of oil-field overdevelopment (as dis- 
tinguished from “social costs’’) to a consideration of the role played by 
the exercise of freedom to create even allegedly excessive! plant facilities 
in contributing to the maintenance of equilibrium in the whole economy 
and in promoting material progress. 

The obvious and most commonly discussed effect of overdevelop- 
ment of oil fields is illustrated by the allegation that already the excessive 
development of the East Texas field has cost upward of $162,000,000;? 
in other words, the drilling of 12,500 wells more than the number esti- 
mated as the requirement for economical recovery of the reserve has 
unnecessarily raised the total cost of development that amount. 

Many other illustrations of so-called excessive development of oil 
pools could be presented. Some of them, like Cushing, Powell and Long 
Beach, might be drawn from the era antedating widespread discussion 
in the trade of such matters as optimum well spacing, reservoir energy, 
the conservation rate of depletion of reserves, etc. Numerous other 
cases can be found in the records of the current era, which began with 
the introduction of rationalized restriction of production. Besides 
East Texas, there may be mentioned Oklahoma City, Centralia and, 
more recently, the town-lot development of Bloomingdale, Michigan. 


Manuscript received at the office of the Institute Feb. 15, 1939. Issued as 
T.P. 1084 in Perrotnum Trcunoxoey, August 1939. 

* The Atlantic Refining Co., Philadelphia, Pa. 

1Tt should be made clear that the author is trying neither to justify nor condone 
avoidable, uneconomic waste in any function of industry nor to disparage the fullest 
economic utilization of technical knowledge. The aim is to show the need for a broad 
view of the economy, including the important relationships between its competitive 
and complementary parts as contrasted to a narrow, provincial view which emphasizes 
individual gain or loss rather than the general good. Moreover, it is only because of a 
conviction that the conclusions to be drawn from the experience of the oil industry 
have a wide application to industry in general that the author has undertaken to 
discuss the subject. 

? Committee of Nine’s Report on Unnecessary Drilling in Proven Oil Fields. 
Oil Weekly (Dec. 28, 1936). 
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Persons RESPONSIBLE FOR OVERDEVELOPMENT 


Early in any analysis of overdevelopment, consideration should be 
given to the competence and other attributes of the persons responsible 
for the alleged waste. The motives that prompted the developments 
said to be excessive should be ascertained. A series of questions might 
be asked having to do with the sanity, wisdom, business judgment, etc., 
of these operators (essentially, in the language of economists, entre- 
preneurs) and also regarding the ownership of capital risked in the 
overdevelopment and whether the investors knew that excessive develop- 
ment would increase the total monetary cost of production. 

Mostly, these operators have been experienced men, accustomed to 
taking risks in investments; informed, progressive, ambitious, industrious 
and, reputedly, contributors to the technical development of the industry 
and to the material progress of the country. Of course they knew that 
their particular drillings would add to the total monetary cost of the 
development. Undoubtedly, they thought their operations would be 

profitable to them. Economically, if there was no more suitable outlet 
for their energies and capital, this would be a sufficient reason for par- 
ticipation in the alleged overdevelopment. Moreover, in many instances, 
it has not been an idle reason. In numerous pools, lease subdivisions 
clearly have effected increases in the density of development beyond the 
assumed necessity but have yielded a satisfactory return on capital to 
most of the participants. 

Economically, these operators were not, nor was it necessary for 
them to be, concerned over the effect of their drillings upon other persons. 
An irrational regard for the effect of economic conduct on the material 
welfare of particular individuals or relatively small groups of individuals 
may result in an unwholesome freezing of the entire economy. On all 
sides now our system of enterprise is threatened with emasculation and 
our economic progress retarded. Consider the implications of an 
apparently simple situation, which involves no moral turpitude, no desire 
to injure a neighbor or disregard the Golden Rule. Visualize a small 
town that boasts one good hardware store. The proprietor earns a 
very satisfactory living and feels a sense of security in his business. 
Another man opens another store. He has no wish to injure the owner 
of the first store, nevertheless his efforts reduce the income of the first 
dealer because the operation of a second store does not materially, if at 
all, increase the town’s demand for hardware. Should the second dealer 
be restrained? Compare the effect of so-called superfluous wells on total 
recovery of oil reserves. 

The presumption is warranted that these persons would not have 
risked their capital in oil field overdevelopment if they could have found 
more promising opportunities for investment in other fields. Not 
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thoughtlessly would they choose the intense competition that invariably 
characterizes overdevelopment. Consequently, in the eyes of eco- 
nomically minded critics of overdevelopment, they cannot be censured 
for pursuing self-interest. Even the technically minded critics, who have 
been most vocal in their objections to overdevelopment, might soften 
their criticisms and, perhaps, modify their conclusions after an examina- 
tion of the whole economic situation of which any particular over- 
development is only a small part. Then it might be clear to them also 
that the estimated wastes of labor and materials in duplicatory effort 
are not as grievous as the consequences that spring from the stagnation 
of economic activity when attempts are made to avoid overdevelopment 
by legislative and other arbitrary prohibitions. 


EFFECT OF OVERDEVELOPMENT ON PRICE 


Moreover, the apparently logical assumption that overdevelopment 
must increase the price of a commodity to the consumer may not survive 
close examination. Also, it comprehends only one side of the economic 
equation—the direct monetary costs of production—while it ignores 
completely the other side of the equation, which represents monetary 
purchasing power of potential consumers. It is not safe to assume, on 
the one hand, that all of the benefits accruing from the use of the latest 
method of well spacing and other production engineering technique will 
be passed on to the public nor, on the other hand, that consumers will 
have to pay higher prices for products because of the additional cost of 
the duplicatory effort. Indeed, it is quite possible, as was stated by 
another student of the subject, that under certain circumstances exces- 
sive drilling effects a lowering of the price to the consumer: 


The drilling of wells over the amount necessary to satisfy the market demand 
without waste has a dual effect as a natural price depressant, for reserves are not only 
made more immediately available to the market thereby but the lower allowable per 
well decreases the margin of profit and, by thus increasing the amount of distress oil, 
increases the urge to overproduce.’ 


An understanding of the factual basis of these statements may be 
gained by considering a few assumed situations, which might be given 
the names of historical instances were it not for minor adaptations of 
circumstances to the present purpose. Suppose that demand for crude 
oil is increasing; that the price of crude is established economically, 
i.e., by the costs of marginal producers; that, over a stated time, the 
increase of demand is supplied from new sources, the costs of whose 
production are considerably below the costs of the marginal producers; 


3’ W. E. Hubbard: Economics and Well Spacing in Texas. Trans. A.I.M.E. (1937) 
213, 167. 
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and that, therefore, the new developments are of more than average 
profitability. From these premises it does not necessarily follow that 
the new production will be sold at less than the ‘‘market”’ price estab- 
lished by the costs of the marginal producers. Nor does it follow that 
the more-than-average profits that are yielded will be distributed broadly 
over our economy as, for example, by investment in productive equip- 
ment whose creation provides employment or even by expenditures for 
consumers goods, which would have the same general economic effect. 
Interesting possible applications of the profits could be pursued. How- 
ever, consider another possible sequence of events. Suppose that the 
area overlying the new prolific discovery is quickly subjected to subdivi- 
sion; that many leaseholders sink many wells, to a total exceeding the 
technologically estimated optimum number; that the profitability of the 
whole development is reduced to mediocrity. Under these premises 
the general public may not enjoy benefits from the rich discovery in the 
form of low prices; but a great many persons that were engaged on the 
overdevelopment would have spendable incomes, which they would not 
-have had under a strictly technical development of the pool. Among 
them would be the operators, who forced the sharing of the discovery for 
their own selfish ends, drillers and drilling contractors, manufacturers of 
pipe and fittings, railroads and other transportation agencies that moved 
the tangible parts of the development to location, and many others. 


Tue DILEMMA 


It is fully recognized that whatever part of a plant development is 
technologically excessive is a species of waste. Judged by a too simple 
standard, the immediate result of all duplicatory effort is waste. The 
indictment against excessive drilling might include a demonstration of 
the thesis that (besides useless manual labor) certain natural resources— 
for example, the ingredients of pipe and fittings, which some day may be 
required for essential purposes—have been consumed unnecessarily. 
But this is a superficial view of the matter. It is easier to see and measure 
the direct cost of allegedly wasteful duplicatory effort than it is to con- 
ceive useful employment for it. What would the operators and the 
associated and supplementary workers have done if they had not been 
engaged in the development said to be excessive? Probably they would 
have been idle, not knowing how otherwise to use their energies, and, in 
terms of economic production, idleness is also waste. In the end, 
the measurement of the difference between the social waste of over- 
development and the social waste of idleness is difficult because of its 
insignificance. 

~ On the other hand, benefits resulting from the widespread distribution 
of the proceeds of a rich discovery (generally only rich discoveries are 
overdeveloped) may be far-reaching. In any event, a whole train of 
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equalizing effects is initiated: Potential workers are employed, mer- 
chants and utilities are patronized and even demand for the commodity 
for whose production excessive facilities have been created may be 
greater than it would have been had the proceeds been more closely con- 
trolled under a program of restricted development. 

The conclusion to which all these facts is leading must be surmised. 
Perhaps the term ‘‘dilemma”’ would be more appropriate than ‘‘con- 
clusion” because it is assumed that the waste of labor and materials 
in avoidable duplicatory development and the waste, through idleness, 
of the particular groups of potential workers that might have been 
employed on the development, are equally abhorrent. 

It is axiomatic that operators would not undertake duplicatory 
development if more profitable opportunities for investment of their 
capital were available. Not less important is the corollary that ‘if all 
competent persons were usefully employed labor would not be available 
for excessive developments except under terms of competitive bidding, 
which would tend to discourage them by reducing incentives. How- 
ever, even under these conditions, incentives are sometimes so great 
that superfluous wells are drilled for the purpose of protecting profits 
from competitive attack or of enlarging them at the expense of others. 
In the last analysis, such developments are governed by economic 
considerations. In principle, this aspect of competition resembles that 
current in the retail marketing of gasoline: Good luck (or judgment) 
in locations is enjoyed; poor luck suffered; all filling stations draw from 
a common reservoir of demand; other things being equal or proportionate, 
the firm that ‘“‘captures”’ the largest volumes of demand is the one that 
has the greatest number of outlets to supply the demand (i.e., draw 
upon the reservoir). Certain harassed marketers petition legislators 
for a licensing of stations and restriction in their number. | 


FREEDOM TO CREATE PLANT FACILITIES 


Complex relationships are involved in these matters, but a little 
further consideration of them may show more clearly the role that the 
freedom to create plant facilities plays in maintaining balance in the 
economy. 

Overdevelopment, far from being an economic canker, is the imme- 
diate and obvious result of the automatic working of forces to maintain 
a state of equilibrium in the whole economy. In any human endeavor 
it costs something to effect balance. In economic affairs, part and some- 
times all of the cost is represented by overdevelopment; but it need 
hardly be argued that it is worth it. The cost to our country of several 
years of disequilibrium was estimated by the Commissioner of Labor 
Statistics at $133,000,000,000. That sum would virtually rebuild all 
the plant and equipment of all the agricultural, mining and manufacturing 
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corporations of the country. The forces that effect a balance through 
excessive development act in a normal economic way by shifting capital 
and labor from a state of little or no usefulness to places where the 
rewards to them are significantly enhanced. Presumably, in this latter 
state their usefulness also has been increased. The importance of this 
fact is not diminished by any unlavorable reaction upon the earning power 
of capital that is supplemented or displaced. 

General and continued unemployment of capital and labor must mean 
that the number and scope of creative ideas is short of the need to employ 
them at a satisfactory profit, or at the prevailing rates of pay and work 
time. (Exceptions to the rule may arise out of special governmental 
intervention, but that is outside the scope of this paper.) Lacking new 
ideas, capital and labor will be used on old ones; that is, in duplicatory 
effort, if the profit incentive is present. Otherwise, there will be a grave 
social problem. Perhaps there is an important alternative—perhaps at 
such times the need for a general reduction in the hours of labor of all 
classes is indicated. Disregard of the need for fundamental adjustment 
- precipitates economic and political crises. 


TECHNOLOGY AND ECONOMICS 


It has been suggested that overdevelopment is not peculiar to oil 
fields. Steel, cement, railroads, automobiles, rubber, textiles, drug 
stores, filling stations and other plant facilities, when judged by the 
equivalents of the technical standards applied to oil fields, must be 
considered overdeveloped. Therefore there should be particular reasons 
for singling out a branch of business representing not more than 1 per 
cent of the total economy of the country for special legislative limitations 
while overdevelopments in many other industries are entirely ignored. 
True, the peculiar nature of the petroleum resource may be offered as a 
reason. This suggests the possibility of physical waste and the incom- 
plete recovery of the reserve—neither necessarily attributable to excessive 
development, Finally, the implications of the masterful development of 
petroleum production technique may be offered as a particular reason for 
limitation of oil-field development. 

During the recent past, the latter aspect of the matter has intrigued 
the industry’s personnel as well as outside students of the subject. 
In the confusion over the nature of the ultimate control of economic 
endeavor, many have embraced the philosophy of control based upon 
engineering abstractions and experiments. While heretofore the extent 
and number of productive units within the industry were governed by 
the economics of the situation, it is proposed that hereafter they are to be 

‘determined technologically. But if technology is to guarantee profits 
by the use of some formula that assumes future prices and the constantly 
changing relationships between costs, yields and values, it is usurping 
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the place of economics, which works effectively but in more subtle ways. 
Moreover, there is the further danger that an arbitrary technology 
will be placed in control because practicality requires the adoption of 
the tenets of one of several schools. Can any school dictate the extent 
of productive facilities with a greater degree of economic suitability 
than a price-fixing agency can set the prices of commodities? At pres- 
ent, in the oil business, arbitrary action is of the most flagrant and 
questionable sort because none of the schools upon which it is founded 
has had enough experience to demonstrate its theories. Indeed, what 
are called theories (properly, explanations subject to demonstration) are 
really only hypotheses; that is, explanations not susceptible of proof 
because in the demonstration of one explanation the reserve employed 
for the test has of necessity been depleted so that the conditions of the 
test cannot be duplicated for the comparative examination of an alterna- 
tive hypothesis. 


Errect oF LEGISLATION 


Legislative regulation of the development of the facilities of our 
industries reduces the opportunities for the exercise of ingenuity and is 
to be classed with price fixing, with the planned economy of farmers and 
with other arbitrary regulation of economic affairs. The involvements 
caused by attempts to overcome the technologic difficulties of administra- 
tion place upon such regulation a serious doubt as to its fitness for grafting 
onto our system of economy. 

This, combined with the technical difficulties of administration, 
places upon the whole matter a serious question of propriety. The 
conditions of which overdevelopment is the symptom have been enumer- 
ated here in as much detail as space permits, but they merit emphasis 
because they are the best indicators of the need for broad economic 
changes. This phase of the subject is difficult of complete exposition in 
unrestricted space and almost impossible of comprehensible dissertation 


in narrow compass. But if the limitations of highly simplified premises - 


are acceptable, enough may be presented here to warrant the readers’ 
further consideration of the problem. 

Assume a balanced economy. All competent persons are gainfully 
employed for the full standard work time. Supply of goods and services 
is in balance with demand; productive equipment is in balance with 
supply. Suppose that the ideas of inventors for the reduction of costs 
of existing processes run far ahead of creative job-making ideas involving 
new commodities and services. (The matter will be further simplified 
if the latter class of inventions is considered nil.) Unit a in industry A 
invents a labor-saving machine. It replaces existing equipment and 
releases a number of former employees, In looking about for livelihoods, 
they search out the most profitable businesses. Some would build 
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bakeries, others operate retail stores, but in the economy, which, before 
the invention of the low-cost process, has been balanced, there are enough 
of these. State regulation prohibits more. Soon, unit a in industry A, 
with its lower cost of production, finds its profits accumulating. It 
desires to expand. It could capture a much larger share of the market 
by lowering its prices, but the capacity of the industry is equal to demand; 
even the increased demand potentially possible at the lower prices may 
be partly offset by the reduction in demand due to the lack of purchasing 
power of the persons released. 

Suppose that simultaneously the same sequence of events occurred in 
units of other industries. Unemployment would be multiplied. A relief 
problem would be created. Sooner or later, the bars would have to be 
let down. The unemployed would gain permission to enter the most 
profitable industries even at the cost of duplication of effort. The 
standard of work time for all persons would have to be reduced to the end 
that the unemployed could be reabsorbed by industry. But a unit 
_ that reduced its hours would increase its costs in comparison with those 
of competitors and would jeopardize its life. Or if the inventive unit 
reduced its hours to retain its employees, it would gain little from its 
invention. Inventions of this sort would thereby be discouraged. It 
must wait for joint action. Who is to set the new standard? 


CoNCLUSION 


The Secretary of Agriculture does not seem to have learned to sub- 
stitute technologic control for economic control, though he has had the 
conservation argument and the resources of the Federal Government to 
support him, including the power to tax the rest of us hundreds of millions 
of dollars each year in an effort to make the experiment work. We 
have not learned either. It is doubtful whether we can succeed any 
better. In the end, our efforts to replace economics by technology only 
invite experiments in arbitrary control where the conservation argument 
is absent. Indeed, already the matter is so far out of hand and the cries 
for the restriction of competition are so insistent that many persons, 
including some professional economists, have begun to think that there 
is no useful competition in business and that thoroughgoing government 
regulation of business is a necessity. Perhaps the time is ripe to consider 
the role played by the exercise of freedom to create plant facilities in main- 
taining equilibrium in the economy and in promoting material progress. 


Factors Affecting the Refiner’s Choice of Crudes 


By G. A. BEISwENGER* 
(Galveston Meeting, October 1939) 


Tue application of the law of supply and demand to the sale of 
crude oil is generally conceded, but the motives underlying the buyer’s 
(refiner’s) demands are not always obvious to the seller (producer). 
In some cases this obscurity has led to the conclusion that the refiner 
may be unnecessarily particular when he selects one crude and rejects 
another. This preference, however, is very largely the reflection of the 
refiner’s product demands and the quality of the stocks obtainable 
from the selected crude. The purpose of this paper is to point out 
critical characteristics of the major classes of refined products and to show 
how crudes vary in their suitability for such products. 

With relatively few exceptions, available processing methods and 
addition agents make it theoretically possible to produce any type of 
refined product from any crude source, although it may not be economi- 
cally sound to do so. The widespread application of thermal cracking 
for converting higher boiling stocks into gasoline is well known. More 
recently cracking and refining in the presence of catalysts? have been 
developed, as well as various processes for polymerizing lighter hydro- 
carbons into gasolines having desirable characteristics.6 For several 
years, selective solvents have been applied commercially to refining 
inferior quality kerosene, Diesel fuel and lubricating oil distillates.’ 
Improved methods for refining lubricating oils from crude residua,‘ 
formerly suitable only for fuel, are now in use and a number of special 
solvent processes are available for dewaxing lubricating oils to low pour 
point.® These improved refining methods have been developed not only 
to meet the demand for improved product quality but also to enable the — 
refiner to obtain quality products from crude sources that would not 
yield such products by the older refining methods. 

In many cases, the utilization of these modern refining tools necessi- 
tates an appreciable expenditure for equipment as well as added manufac- 
turing costs, and their application therefore must be justified economically. 
Despite the availability of such tools, the added processing costs involved 
and yields obtainable may render their application entirely impractical. 
To illustrate this point, inspections of typical cuts from various crudes 
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are shown in Table 1. Crude of the L type produces kerosene distillate 
of very high quality; crude of the I type produces a cut that can be 
extracted readily with selective solvents to give good yields of high- 
quality kerosene. Crudes D and E£ yield distillates that can be improved 
to the same quality level only by excessive extraction and with appreci- 
able loss in yield, while from crude of type A it is possible to obtain 
high-quality kerosene only by exhaustive hydrogenation. Thus, there 
is a practical limit to which high-quality products can be produced 
from inferior feed stocks and, obviously, the added costs involved can be 
justified only if sufficient crude of the L type is not available, or if its 
price is too high. 

In view of the marked differences in the characteristics of products 
from various crudes, it is common practice for the refiner to analyze 
the crudes available to him. In addition to the usual physical tests, such 
analyses usually include a complete small-scale distillation of the crude 
into typical products plus inspections of these products. The results 
of these analyses permit the refiner to make a proper selection of crudes 
in accordance with the processing equipment that he has available and 
his immediate product requirements, and to determine what changes 
in refining equipment are desirable with regard to future operations. 
Some of the data from typical analyses of different types of crudes are 
presented in Table 1. The differences in yield and quality of various 
fractions are particularly striking. For example, the yield of maximum 
prime-cut naphtha varies from 6 to 33 per cent and the octane number 
from 45 to 72. The yield of potential Diesel fuels varies from 10 to 
50 per cent, the sulphur content from 0.04 to 2.2 per cent, the pour point 
from minus 60°F. to plus 5°F., and the Diesel index from 30to72. Lubri- 
cating-oil distillates vary from below 0°F. to 115°F. in pour point, and 
from minus 60 to plus 95 in viscosity index on products dewaxed to a 
pour point of 0°F. It should be observed that these wide differences 
are not necessarily indicated by changes in the gravity of the crude. 
For example, although crude F is 3°A.P.I. lower in gravity than crude A, 
the latter contains very large quantities of stock of low paraffinicity in 
the boiling range of kerosene and Diesel fuel, whereas the former con- 
tains small quantities of stock of relatively high paraffinicity in the 
same range. 

In order to appreciate the significance of the properties of the various 
types of crude referred to above, which dictate the selection of one 
instead of another, it is essential to consider the critical characteristics of 
the major classes of refined products. 


GASOLINES 


During the past decade, there has been marked improvement in the 
quality of automotive gasolines, primarily with regard to: (1) high octane 


FACTORS AFFECTING THE REFINER’S CHOICE OF CRUDES 


216 


AXEM 


q8yMouro0s| nos 4nqg 


4yyyenb 
que]jaoxq 


O°sL 


Ayyenb 
pooy 
o°s9 


anydyns 
pus Jojo 
10} 3d90 
-xa A10} 


poos A19A| -9Bys1yBg 


0°0€ 
ose 
4a0mg 
+0°0 
a LY 
0°&z 


0° F 
09g 

anog 
+10 
v'vP 
0°6T 


AXBA 48qMOUIOS 


qanoyqy8 Ayenb poor 


0°09 


pooh 


0°F 
098 
qo0mg 
Or‘o 
8° eh 
O°1% 


0°6g 


IB q 


he £4 
08€ 
qooug 
+0°0 
oP 
0°&% 


o°s9 


poor 


0°8% 
06¢ 
qoomg 
€0°0 
6°&? 
0°SP 


qarq 
anydjng 


0°9E 


oS 
0°08 
0°OT 


anqdyns 
10} 4de0 
-xa A104 
St ads id “J 


ose 
900M 
T8°0 
8°oP 
0°sT 


anod Mo] AjiTey 


pus xepul jeselq, IIB 


0°6h 
st— 
8°0 

o°se 
0°61 


0°9F 
93— 
8°0 

Ore 
0°03 


0°97 
oI- 
+0°0 
0°ee 
0°se 


U0T}0BI}XE YUSA[OS GIINDaY 


0°02 
OLE 
9F°0 
9°0F 
ihe £4 


08é 


amos £19 | Inog A193 A 


os°0 
0°0F 
0°1S 


poop 
O'rL 
s°9 


4nq 100g MoO] A194 ac nicip ep ieee eree's anies KAniguslng 


aimod Moj | epelZ 
o°se 0°08 
09— 09—- 
£2°0 81°0 
0°62 0°93 
0°62 0°0s 
cat bat | poe 
oes o°s9 
qaeag qo0Kg 
or’o 90°0 
0°6E o°se 
0°91 @0°96 

MOT 004 
poos) PIPHA 
O°rL 
or os 
0°29 O°SL 
O°sT 0°Or 
$°83 0°Sz 
qd Vv 


sapniy snoiipA wot aqnurnigg spnpoig fo igyonhy¥— | ATVI, 


ste seeeeeeees+xaput [asaIq 
ee ee a “Zep ‘yutod anog 
**que0 sad ‘guazuo0o inqdjng 
eeeeee ‘TdvV “Zep ‘AYIABID) 
seeeeeeee * youd Jod ‘plat 
tJany [esetq 


oho see ezie 20 2" PAAR 

“WWE LO “ON 208720 

oeeeee al ‘yu1I0d eyoulg 

teeeeeeees AIISOOSIAOULIOY T, 

ste eeeeeeee eee sggammmog 

***+*-qu99 Jad ‘yuezu00 Inqdjng 

eeeeee "T'dvV “Zap ‘APIABIDN 

ods s0 2me'ee ATOR ied “*PIPIA 
:]2Nj 104081} 10 suUasOIEy 


Celeie ama sh aisis i Ss <\ 9s ASTGUTINGS 
“WNW LO “ON 9usyIO 
se ccerseses saan ied ‘PIetzA 
reuljoseZ UOlVIAYy 
“WAU a'O “ON 9089 
te reeeceeseonuaa Jad ‘prety 
:ByIydeu yno-suILId [BUION 
steeeeeeesepegey ‘Bap ‘AqIABIDD 


epnig 


217 


BEISWENGER 


G. A. 


-loo1dd8 o18 83ND GATZNOeSUOD I9q}O YOVE de¥[IaAO JoNy [eseIq Pu [Io peuyer 10 [ony 10,0814 ‘eyyYdEU 94} soUTG 


MO] AOA 


ory 
-jered,, 
Ayryenb 
que][eoxa 
0°S6 


St°0 
oot 
0°08 
00g 


‘yulod Suypiog [Buy *J.0EG Jo are synod [lo pauyoy 


(panuyuop)—] fav I, 


‘ysydse julod Zutuezjos “7,GT[ Ajeyeultxoidde uo peseg p 
“HoOOT 98 A}ISOOSIA [BSLaATUN ZoqAg gE pus Zulod Zullo [uy “7.0G9 JO » 
“ulod Sutiog [Buy “JOOS JO [eNF 107081} BuIyIN UEyM q 


£10408} Sutpuelq | A10zoey £10498} £10308} 
-s1}8g solmnbey | -syeg -s1y8g “81789 
pooy yusTjeoxq | 00g 100g 100g 
poop PoeH pooh Hie § TICE 
ITB que]jeoxy 100g 100g 100g 
A1049B} 
ITB] yueleoxq | = -styeg 100g 100g 
£10708} £10498} | AiIozoOVy 
“s1y8g | Ysty AIOA AU qa'H Sf AIS) “S189 
HH Reo 100d ae Te 
Tre poos) poo) Te T Cael 
0°s> 0°L eIGsI39N) 0°S9 0°07 O°rT O°rT e[qISISeN| O'S 
ee weoey oc OUR morte eee OF oe spo 
-jered,, | -yered,, | -jered,, | -jered,, -jeled,, | -yeied,, sito -yeied,, |yo8[q pus 
A4yyenb | Ayqenb | Ayyenb | Azyenb | A10z0By Ayyenb Aloxpey [LOT 103) Asoqowy ‘L'O"1 £10408} 
pooy Ile MOT MOT -81}8suy) MOT -styesuy) |Inod ysry| -sIz8suQ, pooy -sIyUsuyy) 
0°08 0°09 o°ss oss 0°0¢ 0°SF 0°os O°ST 09— 
¢L°0 08°0 9¢°0 6°S 6°T an § $3°0 €6°0 
SIT oot SIT Ort 06 93 OIT 
0°86 0°SS 0°S% 0°&% 0°3% 0°cs 0° O°2T 
00g 00s 00g 00¢ 00¢ 00s 00g 000T 
>: G Je I H dD Vv 


*peyBoIpul uvYyy sso] A[qu 


*4ONpoid po}edIpur Jo Pelé UINUITXBUI [BULION o 


“diqsuotjejer 
uolysijoued-julod sutuezjog 
aves) erakslene +> +9809 UTEIg 
*SOTJSLIOJIVIVYO BULIO4IvS Mh 
“**soIj}sliezoBleyo SulULBO,T 


SdIjSlloyoesey9 ZULASIS(NUI 


rt ssseeesess-quaqu0D XB 

Preteen eee eee ese eging 

-Bisduis} MOT 48 AZTHONG 

*ALIqideosns sinyeiedurs yj, 

eee eee **pquad Iod ‘PIPIA 
:syeydsy 


tr reeesss Kaniqeqing 
si Sn: #usMeices Sites keke aue'= (REO CE 


inod ‘4,0 09 Surmea 

-Op 104}8) xopur AzIsOOsTA 

**quoo rad ‘3u97U00 Inydjng 

ada ie OO f “sap ‘yulod inog 

eee eee ‘Td'v “sop ‘APIABIN) 

0 sisi aie "70001 98 “A'S 
389}8[[SIp [lo-sulvoqny] 


epniy: 


218 FACTORS AFFECTING THE REFINER’S CHOICE OF CRUDES 


number, which has permitted increased compression ratios and conse- 
quently greater power, (2) increased volatility, which results in quicker 
starting and a shorter warm-up period, and (3) lower vapor pressure, 
which eliminates vapor lock with its attendant irregular operation and 
stalling in hot weather. Increased volatility is due largely to the adop- 
tion of reforming or thermally cracking prime-cut heavy naphtha. 
Although reforming also increases octane number, in general the octane 
level obtainable by reforming as well as by improved cracking of heavier 
distillate and residual stocks has not been sufficiently high to keep pace 
with the demands of modern motors. This deficiency has been met in 
most cases by the addition of lead tetraethyl.2 As mentioned above, the 
more recent developments in this field include catalytic cracking and 
polymerization.® The use of these processing methods increases the 
yield of gasoline obtainable from a barrel of crude and also permits the 
production of gasoline of high octane number from practically any crude 
source. Although the yield of motor gasoline is increased, the over-all 
reduction in crude demand will probably not be as great as might at first 
be assumed when considering this one product since (1) approximately 
half of the total gasoline production comprises prime-cut naphtha with 
or without reforming and (2) requirements for other products such as 
refined oil, heating oils, lubricating oils, asphalts, etc., will not be affected. 
For the production of gasolines and naphthas other than automotive 
grades, however, the selection of particular crudes is important. 

For aviation gasolines, it is necessary to have low-boiling prime-cut 
fractions of high octane number. The grade in greatest demand requires 
a 74 A.S.T.M. octane number before the addition of lead tetraethy]. 
Cracked stocks generally are not utilized for aviation gasolines and the 
use of blending agents to improve poorer quality stocks is usually not 
justified. Hydrogenation’ of selected fractions is in use for the production 
of aviation gasolines and the recent development of processes for making 
iso-octane commercially have facilitated the production of 100-octane 
aviation gasoline,’ which is being used in both military and commercial 
planes. This extremely high octane number product may contain, 
in addition to normal aviation gasoline and iso-octane, aromatics 
obtained by solvent extraction from prime-cut naphthas of high 
aromatic content,'? and iso-pentane obtained by very efficient fraction- 
ation of segregated field casinghead.'® Table 1 indicates that crudes 
of the B, C and D type,are suitable for the production of aviation 
gasoline while crude A produces prime-cut naphtha of exceptionally high 
octane number but the yield is relatively low. 

A second group of special naphthas comprises the many different 
types of solvents. These products, in general, must be of good color and 
exceptionally good odor. Crudes vary decidedly with respect to the 
latter characteristic, and improvement by other than conventional 
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finishing is impractical. Furthermore, there is a quality distinction in 
these products in regard to solvent power. Solvents composed largely 
of aromatic compounds, such as toluene and xylenes, are particularly 
suitable for use as high-grade lacquer solvents because of their high 
Kauri butanol value and smooth evaporation curve.'* Like the blending 
agent for aviation gasoline, they are produced by selective extraction 
from prime-cut naphtha of high aromatic content. 


KEROSENES AND TRACTOR FUELS 


Next higher in boiling range above the naphthas are kerosenes and 
tractor fuels or heavy distillates for spark ignition engines. For high- 
quality kerosene, relatively paraffinic fractions that have a low octane 
number are required; while for the better grade of tractor fuels, prime-cut 
fractions of relatively high octane number are necessary. Because of 
the shortage of suitable stocks, extraction with liquid sulphur dioxide 
(Edeleanu process)? has been used extensively in California and to some 
extent in the Gulf area. The raffinate or undissolved fraction from this 
process furnishes high-grade refined oil, while the extract or dissolved 
fraction can be used to improve the octane number of tractor fuel. In 
addition to paraffinicity, which is indicative of burning quality as 
measured by smoke point, it is also important that kerosene distillates 
have good color stability and low sulphur content. Range oil is the 
product supplied for many types of range burners and does not require 
the high smoke point (burning quality) necessary in illuminating oil. 

Typical inspections on tractor fuel, range oil, and high-grade burning 
oil at one refinery are shown in Table 2. The variation in gravity 
between the different products is a rough indication of paraffinicity. 


TaBLE 2.—Typical Inspections of Fuels 
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It should be kept in mind that decided variations in these and the follow- 
ing inspections of trade gas oils exist in different localities because of 
differences in available crude supplies and in types of fuel-consuming 
appliances in use. 
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TRADE Gas OILS 


Products in the next higher boiling range are the so-called trade gas 
oils, and include domestic heating oils, Diesel fuels, gas-enrichment oils, 
etc. Typical inspections of products from one refinery are shown in 


TaBLE 3.—Typical Inspections, Trade Gas Oils 


A.S.T.M. 
Distillation 


Flash Pour 


Point, | Point, rere 
Deg. F.| Deg. F. 


Heating olla ees 
High-quality Diesel fuel. . 
Medium-quality Diesel 


see eeee 


Table 3. Heating oil, as given in Table 8, fully satisfies the requirements 
of automatic domestic burners and can be made from most types of crude. 
Diesel fuels may be divided into two major groups, depending upon the 
type of engine in which they are used: (1) high-speed engines for use 
primarily in trucks and tractors and (2) slow-speed engines for power 
generation or marine propulsion. The high-speed engine requires a high 
or medium quality fuel,!! as shown in Table 3, which has a fair degree of 
paraffinicity and reasonably low pour point. In addition, it is desirable 
that it be low in organic acidity and relatively sweet; i.e., practically free 
from malodorous mercaptans. 

From the standpoint of ignition quality, fuels for slow-speed Diesel 
engines do not need to be as paraffinic and are usually composed of high- 
boiling distillates from crudes of low paraffinicity or whole or reduced 
crude, depending largely upon the type of installation. An important 
example from the large group of miscellaneous gas oils is the so-called 
low-sulphur gas oil. This product is required where the presence of 
sulphur in the products of combustion is detrimental, as in the annealing 
of copper and brass products and in the ceramic industry. 


LUBRICATING OILS 


Lubricating oils constitute one of the most diversified and exacting 
groups of petroleum products in so far as crude selection is concerned. 
From the viewpoint of crude source, lubricating oils may be classi- 
fied as ‘“‘low cold test”’ and ‘‘paraffinic.”’ The low cold test oils are 
produced from crudes containing practically no wax, which obviously 
demands careful segregation. It is desirable to have a pour point 
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below 0°F. and only a slight haze at temperatures around 32°F. on oils 
up to a viscosity of approximately 1000 Saybolt seconds at 100°F. (kine- 
matic viscosity of 220 centistokes). If the crude is properly segregated, 
dewaxing of oils below approximately 1000 Saybolt seconds at 100°F. 
is unnecessary. Dewaxing may be required, however, on the more 
viscous oils, oils from crudes containing small amounts of wax, or, on 
products refined to a higher quality by extraction or hydrogenation, 
which tends to increase the cloud and pour points. The viscosity index,! 
or measure of change in viscosity with temperature, of unfinished low 
cold test oils is usually in the range of 10 to 40. Other critical charac- 
teristics include solvency for compounding agents, exceptionally low or 
high sulphur content, and low A.P.I. gravity or high specific gravity. 
Because of the limited amount of processing necessary, low cold test oils 
are usually cheaper than paraffinic oils. However, their specific charac- 
teristics are advantageous in many types of service. Since distillates 
of the low cold test type vary considerably in respect to these critical 
characteristics, it is apparent that careful selection of crudes must be 
made if satisfactory products of all types are to be manufactured. 

All lubricating oil stocks of the paraffinic type are high in pour 
point and for most uses must be dewaxed. This costly processing opera- 
tion can be justified because many of the waxes are valuable by-products 
and the paraffinic lubricants are considered to be superior for many 
purposes. The degree of paraffinicity is conveniently expressed in terms 
of viscosity index, which may vary from about 50 to 100 or even higher. 
For automotive and aviation engines, high viscosity index and resistance 
to oxidation and sludge formation are very important. Similarly, sta- 
bility of an oil under service conditions is required in many industrial 
lubricants; for example, turbine oils. Table 1 indicates that lubricants 
from L type crude would be of superior quality while those from K are 
also of good quality. Paraffinic lubes of only fair quality are present in 
crudes of the type of F, J and J. It is well known, of course, that the 
latter can be refined by solvent extraction® or hydrogenation’ to give a 
viscosity index of 100 or even higher with accompanying improvement 
in stability toward oxidation and sludge formation. As with refined 
oils, however, this requires additional processing and hence added manu- 
facturing costs and entails a loss in yield varying with the quality of the 
feed stock. 

It will also be noticed that the residuals from certain crudes such as 
B, J, K and L have very low asphalt content. Residuals from a low cold 
test crude (e.g., B) find some application as black oils. Residuals from 
L type crude are suitable for steam-cylinder lubrication and can be refined 
by conventional methods to give highly paraffinic, viscous lubricants. 
To produce high-quality lubricants from crude bottoms of the B, J and 
K type, however, requires special processing. The preferred method is 
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to precipitate the asphaltic material from the desired lubricating-oil con- 
stituents by means of propane or other light hydrocarbons, either with 
or without acid treatment or selective solvent extraction in propane 
solution. Crude residuals containing as much as 50 per cent asphaltic 
material have been handled commercially by these methods. 

It would appear that with solvent extraction, solvent dewaxing and 
propane refining processes at his command, the refiner of lubricating oils 
would be independent of crude source. In addition to the added manu- 
facturing costs, however, the performance of the finished product in 
actual service must be considered. Starting with two feed stocks of the 
same viscosity index and applying identical refining procedures to manu- 
facture two products having substantially the same physical tests, it has 
been found that the finished products may not exhibit identical per- 
formance characteristics. For reasons not clearly defined but probably 
depending upon variations in chemical composition, finished lubricants 
from certain crudes are markedly superior for specific services. Thus 
the refiner of lubricating oils attempts to select those crudes that will 
give not only the best yields of finished products meeting his particular 
specifications but also the best performance in actual service. 


ASPHALTS 


Asphalt products are of two primary types, depending upon whether 
they are used for (1) paving or (2) roofing. Principal requirements for 
the paving grades are good susceptibility or minimum change in con- 
sistency with temperature, good ductility at normal as well as low tem- 
peratures in order to prevent cracking during the winter, and relatively 
low wax content. In addition, those asphalts that are applied as emulsions 
must be susceptible to emulsification by normal procedures. Besides 
these chief characteristics that affect the suitability of asphalts for paving 
purposes, specifications are drawn up by many customers in such a 
manner as to require definite crudes for their manufacture. These limi- 
tations are usually imposed by specifying very narrow susceptibility 
ranges and minimum ductilities, gravities, and asphaltene contents. 

The roofing grades include fluxes used to saturate roofing felt and the 
corresponding coating asphalts produced by oxidizing these fluxes. 
Fluxes must not foam excessively when the felt, containing appreciable 
moisture, is dipped into the heated flux. The oxidized coating asphalts 
must have a suitable softening point-penetration relationship, must not 
discolor the granules used for surfacing the roofing material, and must 
weather satisfactorily. 

Table 1 shows that crudes F and G@ give exceptionally large yields of 
asphalts. Those from the former crude are suitable for paving grades, 
while the quality of asphalts from the latter crude is excellent in all 
respects. Crude J has been extensively used for the manufacture of 
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asphalts of the roofing type. Crudes D and E also give appreciable 
yields of asphalts but the quality is relatively poor. It is apparent that 
the refiner possessing sizable outlets for asphalt products must have 
available crudes that will give good yields of the specific grades required. 


GENERAL 


With a knowledge of his manufacturing facilities, product require- 
ments and detailed analyses of crudes available to him, the refiner can 
intelligently prepare his running schedule. For example, if there is a 
large demand for high octane number tractor fuel, it will be necessary 
to obtain crude of the A or B type. If a choice between these two types 
were possible, the decision should depend upon the magnitude of his 
requirements for low cold test lubricating oils. If the refiner were running 
appreciable quantities of type L crude for highly paraffinic lubricating 
oils, he could consider type F for the production of paving asphalts plus 
type I to help overcome the high sulphur content of the refined oil from 
_ F crude and also to increase his supplies of trade gas oils. Crude J could 
conceivably give a satisfactorily balanced production for a refiner requir- 
ing kerosene, trade gas oils, average quality paraffinic lubricants and 
roofing asphalts but no high octane number tractor fuel or low cold test 
lubricants. If the refiner required aviation gasoline and additional] motor 
gasoline production, crude of the D type might be highly desirable, 
although he would be faced with the high sulphur content and sourness 
of the gasolines. It is apparent that a very large number of com- 
binations is possible. In many sections of the country, large volumes 
of the specific products covered above are cracked to gasoline, since the 
crudes available in those sections contain quantities of these products 
far in excess of the tributary outlet. For example, crudes in the Upper 
Mississippi Basin yield an oversupply of refined oil, while on the Pacific 
Coast the opposite is true. 

The present discussion has been confined to principles of crude selec- 
tion based on the yields and quality of the products obtainable therefrom, 
with only passing mention of processing costs involved, as distinguished 
from price factors. The latter involve comprehensive economic analyses 
beyond the scope of this paper. In addition to the principles of selection 
set forth above, the refiner’s ultimate choice of certain crudes and rejec- 
tion of others must of necessity also include the question of price. 
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Economic Dynamics of the Domestic Demand for 
Motor Fuel 


By Norman D. Fitz Gprautp,* Memper A.I.M.E. 
(New York Meeting, February 1940) 


Tue growth of domestic requirements for motor fuel has been phe- 
nomenal, rising year after year in a fashion almost unique among com- 
modities, resisting depressions and forging rapidly ahead in times of 
prosperity. Consumption advanced from 226 millions of barrels in 1925 
to 522 millions of barrels in 1938; or 130 per cent. The economic influ- 
ences generating and sustaining this demand are of vital concern to the 
petroleum industry. 

The general factors affecting utilization of motor fuel are well known 
but it is the purpose of this paper to employ the recently developed 
technique of economic dynamics to describe them mathematically. Such 
problems in economic analysis are complicated by the freedom of all the 
variables to fluctuate, their mutual interdependence, changing incidence 
upon one another, and the nonquantitative character of some of them. 
Economic quantities and relationships, unlike those of the physical world, 
are continuously changing and this dynamic characteristic is both a 
distinguishing and confusing feature in economic research. The com- 
plexities of the problems require application of the analytical devices of 
mathematical statistics to uncover the probable relationships between 
factors. The procedure employed is to formulate a logical relationship 
linking the dependent to the independent variables, and then simul- 
taneously, rather than sequentially, determine their separate effects by 
multiple correlation. This transformation of common knowledge to 
quantitative terms makes it possible to measure the probable effects of 
changing conditions upon requirements, assisting in the sound interpreta- 
tion of economic policies. The utility of the results of such dynamic 
analysis is in sharp contrast to the sterility of the trends and other simple 
empiricisms of descriptive statistics. . 

It is not intended in this study to throw light on the reasons why any 
motor fuel at all is consumed; but to discover relationships explaining why 
more was consumed at one time than at another. Specifically the prob- 
lem is confined to the measurement of the influences of statistically 
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determinate factors governing fluctuations in domestic requirements of 
motor fuel from 1925-1938. This brusque disposal of fundamental 
motives underlying human behavior, and the substitution of their out- 
ward manifestations in statistical series for reality itself, is not as serious a 
break in logic as at first it appears to be. For if there are millions of 
motor vehicles registered in a country, it is certain that highways and 
fuel are available, while sales of fuel will vary with its price and the 
incomes of consumers. These deductions are sound, yet none indicates 
the actual reasons why people feel impelled to move about on the high- 
ways. The real motives are far more complicated and diverse than the 
statistics which serve adequately to measure the characteristics of mass 
behavior once they become well established. In fact it is often unneces- 
sary purely for purposes of statistical analysis to go beyond the figures 
unless important social or economic changes are in process which have a 
direct bearing upon the problem. 


ANALYSIS OF THE DEMAND-GENERATING FACTORS 


Multitudes of influences are at work determining the expansion and 
fluctuation of demand for motor fuel. The primary components are the 
number of motor vehicles registered, price of motor fuel to the consumer, 
miles of hard-surfaced highways and national income. These factors 
influence one another but are largely determined by a group of secondary 
constituents. The ownership of motor vehicles has been stimulated 
by their rising quality and declining price, further accentuated by the 
drop in average operating costs. Other contributing elements have been 
the development of suitable roads, growth of suburban residential areas 
heavily dependent on motor vehicles, advances in winter-time utility of 
cars, increasing leisure, multiplication of logical objectives for travel, and 
the opening of motor camps and inexpensive restaurants along the high- 
ways. ‘The net resultant of these and many other influences bearing on 
motor-fuel demand appears to be adequately expressed by the factors 
represented statistically in the following series, shown in Fig. 1: 

D = annual domestic demand for motor fuel, millions of barrels 
(U. 8. Bureau of Mines). 

k = millions of registered motor vehicles (Automobile Manufac- 
turers Association). 

P = average price of motor fuel to consumers in 50 cities, cents per 
gallon tax included (American Petroleum Industries Com- 
mittee). 

HT = thousands of miles of hard-surfaced highways, partly esti- 
mated, represented by H (U.S. Bureau of Public Roads). The 
number of years from 1924, represented by 7 as a multplier. 

N = national income, billions of dollars (U. 8. Department of 
Agriculture). 
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The most important of these components is the number of motor 
vehicles registered, and the others operate upon this basic one as modify- 
ing influences. Highway mileage is a smoothly changing factor of minor 
importance and for simplicity the number of variables employed in the 
study has been reduced by including the time element as a multiplier. 
Motor fuel is not consumed by registered motor vehicles but by cars 
actually in use, and while the cost of fuel is a major variable charge and 
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(ANNUALLY, 1925-1938). 

unduly prominent in the minds of operators, other costs of automotive 
transportation have a bearing on the use of vehicles. Nevertheless 
qualitative examinations of these and other considerations in conjunction 
with the results of the calculations lead to the conclusions that the errors 
introduced by disregarding them are small and compensating. After 
the computation of coefficients by the methods of multiple correlation, the 
equation derived for relating the domestic demand for motor fuel to the 
several elements is as follows: 


D = 17.865R — 7.199P + 0.023HT + 0.409N 
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SIGNIFICANCE OF THE ANALYSIS 


This equation represents the combined influences of the major factors 
upon the domestic demand for motor fuel during the period 1925 to 
1938. The conformance of the actual data and the estimates is good, as 
shown in Fig. 2, especially when the accuracy of the statistics and the 
nature of the forces at work are considered. The average error is only 
one-fourth of one per cent, and the corrected coefficient of multiple 
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correlation is 0.999, in a large measure justifying the selection of con- 
stituents and their modes of expression. Equations representing the 
separate effects of each component upon demand are derived from the 
original one by introducing the mean values of other independent vari- 
ables. The resulting formulas are shown graphically in Fig. 3, and are 
listed in Table 1 with the effects of each factor in the total determination 
and in the variation of demand as derived from the correlation analysis. 

The only one of these demand-generating elements over which the 


SN 


NORMAN D. FITZ GERALD 229 


industry has a measure of control is that of price. The decline in motor- 
fuel prices has been an important influence for it has enlarged demand 
directly through expanding unit consumption and indirectly through 
increasing the ownership of motor vehicles. During the past 20 years 
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the price of motor fuel to consumers has been characterized by a per- 
sistent decline, which terminated with the great depression. The price 


TasBLE 1.—Formulas 


f ' Percentage 
Percentage Weight| Change in De- 
Equations Showing Separate} of Factor in Total | mand for a One 


Factors plese Coan ae on Air meery yes as shi ee pe eaae 
Analysis Derived from 
Analysis 
Motor vehicles registered .| D = 17.865R — 71.2 68 1,18 
Price of motor fuel....... D = —7.199P + 529.6 21 _ =—0.37 
Highways and trend..... D = 0.028HT + 337.1 8 +0.13 
National income.......-. D = 0.409N + 364.0 3 +0.06 
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of motor fuel, ex-tax, has continued to decline but in recent years the 
advance in tax has exceeded the drop in price. These data are shown 
by five-year periods in Table 2. 


TABLE 2.—Average Price of Motor Fuel and Tax in Fifty Cities 
CENTS PER GALLON 


Years Care? Tax (Tax tata ded) Change, Per Cent 
1919-1923 25.43 0.33 25.76 
1924-1928 19.34 2.37 21.71 —15.7 
1929-1933 14.56 4.27 18.83 —13.3 
1984-1938 13.99 5.33 19.32 + 2.6 


There are far-reaching implications in this transition from a declining 
to a stable or advancing price for motor fuel because lower prices have 
been an important factor in the rapid expansion of demand through 
stimulating sales to consumers with lower incomes. This impetus to 
growth has now virtually disappeared, or perhaps reversed, as future 
price levels are not likely to be much lower than those of the recent past. 
For it is not to be expected that technologic achievements can continue 
indefinitely to lower total costs despite the deeper horizons that must be 
tapped for crude supplies and the improved qualities required in motor 
fuel. The industry passes its savings promptly along to consumers and 
so in a measure has expanded requirements. On the average, however, a 
general reduction of 1 per cent in the price of motor fuel may be expected 
to have a direct effect in raising consumption of only about 0.37 per cent; 
which is the elasticity of demand with respect to price. When this 
coefficient is less than one, the increase in volume accompanying a reduc- 
tion in price is gained at a loss of gross income from sales of the product. 
Therefore cutting prices below normal levels without a corresponding 


reduction in cost would be impractical and economically unstable. For 


the period 1925-1938, elasticity of demand for motor fuel averaged 0.37, 
but it declined from 0.46 in the half period 1925-1931, when prices 
averaged 20.9¢ per gallon to 0.30 in the half period 1932-1938, when 
prices averaged 18.9¢ per gallon. If consideration is given to the inflexi- 
bility of the tax the average effective elasticity of demand is reduced from 
0.37 to 0.34. 

This low effective elasticity of demand combined with the rather 
uniform character of the products of the major suppliers is the genesis of 
some of the intense and vicious competition in marketing. A short-lived 
reduction in prices does little to stimulate demand but is a major con- 
trolling influence in shifting it from one seller to another without appre- 
ciably increasing the total amount of business. The re-establishment of 
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the equilibriums of price and distribution of volume under such conditions 
is peculiarly difficult. 


CONCLUSIONS 


The major factors affecting the domestic demand for motor fuel have 
been formulated, weighed, and presented in a mathematical expression 
standing the tests of reason and opening the way for further investigations 
in petroleum economics. It has been established that although the most 
essential item in determining consumption of motor fuel is the number of 
motor vehicles registered, price is a prime consideration, while minor 
roles are played by the mileage of hard-surfaced highways and national 
income. Demand is also encouraged by certain nonquantitative ele- 
ments, which have not been included in this study, such as more com- 
fortable cars, better roads, decentralization of industries, and increasing 
leisure. In all probability these and other factors will combine to aug- 
ment domestic motor-fuel requirements as registrations mount toward the 
inevitable though distant saturation level, the proportion of heavy units 


~ such as trucks and buses rises, the web of highways expands, and as 


consumption in the air, on water, on farms and for nonautomotive pur- 
poses increases. However, it should not be overlooked that shifts in 
economic balance or technology such as important changes in costs, 
standards of living, efficiencies of internal-combustion engines, sources of 
energy, or alterations in the socio-economic structure of the country might 
supervene and accentuate or stunt the growth of demand or distort the 
relationships now regarded as normal. 


DISCUSSION 
(Lyon F. Terry presiding) 


M. Warson,* Berkeley, Calif —Dr. Fitz Gerald has made a valuable study, which 
should be of great interest to the petroleum industry generally and to gasoline market- 
ersin particular. The use of modern statistical methods is well advanced in the analy- 
sis of demand for many commodities, especially those sold under relatively ‘“‘pure”’ 
competition, such as farm products in wholesale markets. Much of the pioneer work 
in statistical demand analysis has been confined to the agricultural field, because there 
has been a great deal of research inspired by the agricultural departments of the 
Federal Government and the various state educational institutions. Furthermore, 
great quantities of data have been assembled in order that such analyses could be made. 

The extension of these analytical techniques to industrial product selling is limited 
often by lack of reliable data on prices and sales. The oil industry, however, finds its 
heavy tax burden has a slight advantage in that gasoline-tax reports have been made 
available and these offer a reasonably accurate measurement of sales of motor fuel, or 
quantities demanded. Few industries have such complete sales data. 

The method of multiple correlation is commonly used to measure the effect of 
variance in factors thought to affect volume of sales, with variations in sales volume. 


* Student, Giannini Foundation, University of California; also jobber of petroleum 
products and automotive supplies, Pueblo, Calif. 
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Taken singly, the net effect of each factor is much obscured by the effects of the other 
factors, so that it is necessary to ‘‘hold constant”’ the effects of all other factors, while 
measuring the “net effect”? of each factor in turn. This is essentially what multiple 
correlation does. 

Using this method, Dr. Fitz Gerald computes the net effect of four major factors on 
demand for gasoline in the United States. The factors he chooses for this analysis 
combine together in such a way that when each is weighted by its net effect, the addi- 
tive result is an estimated consumption figure, which agrees very closely with actual 
sales volume over the past 14 years. Does this prove that the factors chosen are 
necessarily the causal influences that determine the amounts of motor fuel sold? 

Unfortunately, the techniques of statistical analysis cannot prove causality. 
Covariance, or the property of one numerical series to vary with other series, can be 
measured accurately by mathematical methods, but the methods do not tell why one 
series varies with the others, or which is the cause and which the effect, of two series 
thus compared. Nor do close approximations prove that there are not other factors 
that may influence the quantities sold. Statistical analysis measures variations, and 
if there were important factors present during the time this study was made, which did 
not vary, then their influence has not been included. It is possible that some unlisted 
factors may have varied in a compensating manner, so that their combined net 
influence has not been large enough to introduce any important error due to their 
omission. Lastly, new factors may arise in the future, which are unknown at present. 
Therefore, Dr. Fitz Gerald’s formula should be considered as subject to change as new 
years are added to his time series. It would be quite exceptional among analyses of 
time series if this were not so, and it is no reflection on his work. Economic analysis is 
applied to changing relationships under conditions that are continually changing, and 
it can never become as precise as the time of relationships in the physical sciences. 

In assigning various percentage figures to the factors influencing demand, Dr. Fitz 
Gerald neglects the high intercorrelation between some of the factors, such as motor- 
fuel prices and national income. Fig. 1 shows a similarity between the time series of 
these two factors. Obviously, they share a common influence, which determines their 
variance to a large extent. If this be so, it seems impossible to arbitrarily say that the 
price of motor fuel is seven times as important a demand influence as national income. 
The usual statistical tests of partial or part correlation are not reliable as true indicators 
of relative importance, when there is high intercorrelation between some of the varying 
factors. Dr. Fitz Gerald is careful to state that these percentage figures show the 
weights of each factor, as derived from the analysis. The limitations of statistical 
analysis should be considered in the interpretation of these percentage figures. 

The point that demand for motor fuel is highly inelastic is not to be questioned. 
The lack of substitutes for motor fuel derived from petroleum would indicate that, as 
well as the experience of the oil industry. It is advisable to have this elasticity meas- 
ured, and Dr. Fitz Gerald has done that within the limits of his data. Inasmuch as it 
is impossible for the entire industry deliberately to vary the price of motor fuel in an 
attempt to measure customer reaction on volume of sales, the only way to obtain the 
reaction of buyers to price is through the method of statistical analysis. 

Dr. Fitz Gerald ascribes some of the intense competition in the marketing of motor 
fuels to the highly inelastic demand. It is true that short-lived “price wars” do not 
result in greatly increased total sales. It has been the experience of the writer that 
such price reductions do not effectively shift patronage from one seller to another, and 
hence these ‘‘price wars”’ are futile on both counts. Yet they are a common phenom- 
enon in the marketing of motor fuels. 

The other side of the situation is well worth mentioning. The same inelasticity 
that makes price cutting an unprofitable policy operates to reward price maintenance, 
The larger oil companies appear to appreciate this, but the industry has many smaller 
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marketers who may not concern themselves with the general welfare of the business 
in which they are engaged. These men are apt to overlook the effect of their sales 
policies on other marketers, and to operate their businesses much as though demand 
were infinitely elastic. Herein lies much of the price trouble in the petroleum industry. 

Dr. Fitz Gerald’s study should point the way toward other statistical analyses of 
demand. The industry needs additional information on demand elasticities by regions, 
as it is unlikely that consumers average the same in their reactions to price in all parts 
of the United States. Agricultural sections could scarcely be expected to have the 
same demand elasticity as urban districts, since motor fuels are not purchased for the 
same purposes in the two territories. An intelligent pricing policy would lean toward 
maintaining somewhat higher prices in sections with more inelastic demand than in 
districts with more elastic demand. Doubtless marketing executives have found, by 
trial and error, the sections in which it is most profitable to maintain or attempt to 
maintain wider margins, but more precise information should be welcome in making 
these adjustments. 

Statistical analysis is a valuable tool in economic studies. Like most valuable 
tools, this one should be in the hands of men well trained in its use, and in full know]- 
edge of its limitations. Results are then dependable and a foundation is laid for future 
research. Dr. Fitz Gerald is to be congratulated in laying such a foundation for 

future work in the analysis of petroleum-marketing problems. 


L. F. Terry,* New York, N. Y.—You have found that demand for motor fuel 
increases at a somewhat higher rate than that for the number of motor vehicles. Is 
there a simple explanation of this relationship? 


N. D. Frrz Grratp.—Increasing demand per unit is due to rising consumption per 
passenger car and the advancing proportion of trucks and buses. 


J. D. Grtu,f Philadelphia, Pa.—I should like to express the hearty approval I 
feel respecting Dr. Fitz Gerald’s application of some advance statistical techniques to 
the analysis of problems of our industry. While I am inclined to think that use of 
some of the refinements of method may not be warranted because of the character of 
the data with which they deal and, therefore, because of the results to which they lead, 
nevertheless it is high time that the best tools of mathematical science and statistical 
procedure should be brought to bear on our economic studies. 


* Department of Petroleum Economics, Chase National Bank. 
+ Atlantic Refining Company. 


World Consumption of Petroleum and Related Fuels during 
1939 


By V. R. Garrias,* R. V. WHeETsEL,* MemBers, anv J. W. Risrori,* ASSOCIATE 
Memser A.I.M.E. 


(New York Meeting, February 1940) 


WoRLD consumption of petroleum and related fuels for civil purposes 
in 1939 was close to 2,024,000,000 bbl., or approximately 110,000,000 bbl. 
more than in 1938, the United States accounting for 96,000,000 bbl. of 
the increased amount. 

With the annexation of Czechoslovakia and part of Poland, civil 
consumption in Germany during 1939, notwithstanding severe rationing 


TABLE 1.—World Petroleum Balance Sheet 
THOUSANDS OF BARRELS 


World Pro- World eee Gonsumption joy rR ARE paecn 

duction of | Civil and Con- 
Seen cl geed Ralntadhs Saget Conan Excess anakane 
Fuels | sumption | Uoited | roreign | World | Baperts | Te tons to 

Imports 

1932 1,362,039] 1,348,407|R13,011 | 26,643 | 13,632) 28,781)/R41,792 | 55,424 
1933 1,467,128} 1,406,923) 67,427 |R7,222 | 60,205} 60,254) 7,173 | 53,032 
1934 1,562,834} 1,507,599) 26,164 | 29,071 | 55,235) 64,013)/R37,849 | 93,084 
1935 | 1,702,793] 1,614,475] 53,027 | 35,291 | 88,318) 75,474|R22,447 | 110,765 
1936 1,864,997] 1,795,560) 52,209 | 17,228 | 69,437) 74,890)/R22,681 | 92,118 
1937 2,121,337) 1,914,856) 161,445 | 45,036 | 206,481) 115,677| ©45,768 | 160,713 
1938 2,062,090| 1,914,007) 130,343 | 17,740 | 148,083) 139,420|R 9,077 | 157,160 
1939 2,156,700} 2,023,883] 88,000 | 44,817 | 132,817| 130,000/R42,000 | 174,817 


in the last four months of the year, was 54,000,000 bbl., or only 1,600,000 | 


bbl. less than in 1938, and domestic production of petroleum and related 
fuels was some 34,000,000 bbl. short of civil consumption. The mounting 
petroleum requirements of the military forces of greater Germany are, 
of course, not included in these figures of civil consumption. To supply 
this deficiency Germany now must rely almost exclusively on the 
Rumanian fields, which in 1939 produced about 35,000,000 bbl. in excess 
of the Rumanian civil consumption. However, these fields are supplying 
and have supplied for years the oil requirements of the neighboring 


Manuscript received at the office of the Institute Feb. 15, 1940. 
* Cities Service Co., New York, N. Y. 
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Balkan States and part of the Italian needs, so that all of the excess is 
not available to Germany. 
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Fie. 1.—Wort.Lp PRODUCTION AND CONSUMPTION OF PETROLEUM AND RELATED FUELS. 


Should Italy go to war as an ally of Germany, the available Rumanian 
supply would be insufficient to meet the requirements of Germany and 
Italy, even assuming that the Balkan States were entirely deprived of 


Rumanian oil. 


These conditions seem to assure the continued neutrality 


Taste 2.—World Production of Petroleum and Related Fuels 
THOUSANDS OF BARRELS 


a I a ee 


1938 1939 
Country aos 
Crude Related! poigi | Coad | Related) Total 

United States............| 1,212,970) 52,000) 1,264,970) 1,258,000 52,000) 1,310,000 
I RUE aes, 6 enc eae oe 209,000} 1,000) 210,000} 222,000 1,000} 223,000 
VIETIOZUCL Aide are. ca cans e aoaige 6 189,100 900} 190,000) 199,000; 1,000 200,000 
DPA go ee) ac. se 75,000} 1,000 76,000 81,000) 1,000 82,000 
Netherlands East Indies... 55,600} 2,000 57,600 56,700} 2,000 58,700 
RUN aN aap aks coctenevaus <aer> 48,500 700 49,200 49,000) 1,000 50,000 
INIEXICOMM aes ct: ce: 37,000} 1,000 38,000 42,000) 1,000 43,000 
TERE 0 cota ls ee oe 30,900 30,900 30,000 30,000 
(Coloma cateieereetros-\ 21,500} 600 22,100 24,300; 700 25,000 
Germnanyne ceecsee css © 4,300) 13,000 17,300 5,000} 15,000 20,000 
EARPUMACLAG 2 ae) ere) cueiise = =| Sars 17,800) 200 18,000 18,700} 300 19,000 
ANYESE SIDING Gla cane Leen oe 16,300} 400 16,700 18,000; 400 18,400 
EP Lice oot Biot eae OLR 16,000) 1,200 17,200 15,000; 1,200 16,200 
PSELLISHELMG1Aey ects < «ots. t 9,860 140 10,000 10,050 150 10,200 
GEnadameeenyt \wan5s se rsat 5,000} 3,000 8,000 5,100) 3,000 8,100 
British Borneo........... 7,180 150 7,330 7,800 7,800 
Bahrein Islands.......... 8,480 8,480 7,600 7,600 
(Sea ice eee cone yO Be Or 3,820 150 3,970 4,600 4,600 
joa) OS SR OR ei eee en 2,530 150 2,680 3,850 150 4,000 
JEN Ei cor good Gasa age aon 2,260 2,260 2,900 200 3,100 
I CUAC OMe weres tay-riencart ces 1,540 60 1,600 2,200 2,200 
(OEHETS a. eestor iene ras, © che 2,100} 7,700 9,800 6,300} 7,500 13,800 

1,976,740} 85,350} 2,062,090 2,069,100) 87,600 2,156,700 
eee ee ee ee 
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TABLE 3.—World Consumption of Petroleum and Related Fuels* 


THOUSANDS OF BARRELS 


1938 1939 
Country : 38 Zit g 4 : 35 cA 4 2 
ag ol o <3 ies} >] 
E | ge|53\23| 2 |32| § | ge |22|22| 2 
Mw 1o pe | od a = iS) a = B 
409,282|21,233|127,245]1,137,123|554,000| 60,000|455,000|24,500/139,500) 1,233,000 
65,000} 9,500} 21,000) 164,500} 28,000] 44,000} 67,000) 9,600} 22,000] 170,600 
30,000] 3,800} 4,500} 92,800} 46,800] 7,000} 29,900) 2,900} 4,400] 91,000 
18,700) 3,900} 7,300} 55,600) 24,200 800] 18,100] 3,800} 7,100} 54,000 
15,500} 4,000} 4,850} 48,000} 24,000 700} 17,000} 4,100} 5,000} 50,800 
18,300) 2,500} 4,900 ,000} 24,800} 1,700) 16,900} 2,200} 4,400} 50,000 
17,000} 500) 1,800} 27,600} 7,600} 1,300] 17,500} 550} 1,900} 28,850 
11,800} 1,800} 2,100} 25,000) 8,000} 1,500} 12,000) 1,800) 2,100) 25,400 
17,000 50} 5,000) 22,350 270 55} 17,500 55| 5,300) 23,180 
11,850} 950) 1,750} 21,000} 5,700} 1,000) 12,200) 1,000} 1,900} 21,800 
12,600} 200) 1,400) 18,000) 3,500 800} 12,700} 200) 1,400} 18,600 
4,100} 1,050} 1,400} 16,250) 2,700) 7,200} 4,200) 1,000} 1,400) 16,500 
10,000} 220} 1,800) 14,220) 1,100} 1,250) 10,500} 230) 1,900) 14,980 
orate 3,800} 450} 1,100) 14,450} 7,900} 1,300) 3,900} 500) 1,150} 14,750 
Netherlands. ......... 3,600} 2,000] 3,800} 450} 1,100) 10,950} 3,900) 2,100) 4,100) 500) 1,200) 11,800 
Netherlands E a s t 
Indies ivan. ts eis: 1,500} 2,000} 6,100} 250} 1,500) 11,350) 1,500) 2,000) 6,200) 250) 1,500) 11,450 
TRAM. .o chic> we ners 600} 1,300) 5,700} 400] 2,600} 10,600 650} 1,300} 6,000} 450) 2,700} 11,100 
Sweden 4,500 900} 3,400) 400 700 9,900} 4,800 900} 3,700! 450 800} 10,650 
Venesuela...:........ 1,050 35| 7,500 40 300 8,925] 1,150 40) 8,000 40 300 9,530 
Braxil sc. ee eee ae 2,750 850} 4,250| 250 100 8,200} 2,900 900} 4,500} 280 150} = 8,730 
Union of South Africa..| 4,100 470} 1,700} 280 400 6,950) 4,300 500} 1,800} 300 400 7,300 
OPEL seh aon ante 2,700 800} 2,500} 350 200 6,550} 2,900 900} 2,800) 350 250 7,200 
Belgium. 4,100 350} 1,300} 400 500 6,650} 4,300 350} 1,500) 350 450 6,950 
China. 1,300} 2,800) 1,700} 300 400} 6,500} 1,400) 2,900) 1,750) 300 400| 6,750 
Egypt. 800} 1,800} 2,800) 200 450 6,050 850} 2,200} 2,900} 250 500 6,700 
Cuba... ‘ 750 80} 4,200 50 120 5,200 800 100} 4,800 60 140 5,900 
French West Africa.... 340 100} 4,900 40 10 5,390 400 100} 5,200 50 20 5,770 
Chile. tacnese. cee 700 100) 4,100 70 50} 5,020 750 100} 4,300 80 150 5,380 
1,500) 400} 2,500} 130 200 4,730} 1,600 400} 2,800} 130 200 5,130 
120 70} 4,150 30 350} 4,720 140 80} 4,400 40 450} 5,110 
2,300 180} 1,300) 100 120} 4,000) 2,600 200} 1,600) 160 140} 4,700 
1,000 300] 2,900} 120 200} 4,520} 1,000 300} 3,000) 130 200) 4,630 
2,550 200} 1,300) 100 200} 4,350} 2,400 200} 1,400} 100 200} 4,300 
350} 280} 2,400 60 800} 3,840} 350 250] 2,700 60 800} 4,160 
1,200} 200) 2,400} 100 100} 4,000} 1,200 200} 2,500) 140 100} 4,140 
Philippine Island: 900} 400} 2,100) 160 130} 3,690} 1,000 450} 2,300} 170 140} 4,060 
Switzerland..... 1,750 170} 1,300] 150 100} 3,470} 1,800 180! 1,400] 160 100! 3,640 
Poland. . 800} 1,100 600} 350 500 3,350 Included in Germany and Russia 
Colombi: 800 130} 1,900 20 125 2,975 930 135) 2,150 27 135 3,377 
Ceylon... 355 235} 2,370 30 10} 3,000 370 250} 2,600 30 10} 3,260 
Panama Canal Zon 130 30) 2,770 30 40) 3,000 130 30| 2,900 30 40| 3,130 
Uruguay... .... 208 450 250} 1,700 40 40} 2,480 550 250} 1,800 45 45 2,640 
reece. 550 150} 1,600 60 130} 2,490 550 150) 1,700 60 140 2,600 
Fis. 5: 500 200} 1,700 30 300} 2,780} — 500 200) 1,550 30 250 2,530 
Trish Free State 1,200 550 280 70 250) 2,350) + 1,200 550 350 80 250 2,430 
Czechoslovakia 1,200} 400) 390} 200 30} 2,220 Included in Germany 
inland...... 1,150 550 130} 120 120} 2,070) 1,200 620 140} 130 140 2,230 
ungar, 600 480 650} 110 120 1,960 650 500 700; 120 120 2,090 — 
Algeria... 950] 300 405 80 120 1,855} 1,000 300 480 90 120 1,990 
Puerto Ri 540 80} 1,100 35 45 1,800 550 90} 1,150 40 50 1,880 
Palestine. 380 440 650 30 200 1,700 400 450 690 30 200 1,770 
Jamaica 210 55] 1,310 10 35 1,620 230 60} 1,400 10 40 1,740 
Portugal........ 620} 410 360 70 70 1,530 650 440| 400 80 80 1,650 
Frenc! 830 90) 320 40 140 1,420 900 100 340 50 150 1,540 
Hongkong..... . 240 60 790); 100 10 1,200 260 70 850} 100 20 1,300 
dW y Cl PeORe Rear 340 320 440 60 20 1,180 360 330 450 60 20 1,220 
Kenya and Uganda 875 145 545 25 10 1,100 400 150 600 30 10 1,190 
Bia oeests acts 190} 360) 340 60 60 1,010 200 370 370 60 60 1,060 
Miscellaneous. .. 5,256] 3,048) 4,627] 657 931) 14,519) 6,301) 3,107) 4,756) 705 847| 15,716 
LOU scpin say avetee 765,079] 147,828) 744,209|56,810/200,081) 1,914,007| 798,541) 153 ,407|799,426/59,042|213,467| 2,023,883 


2 Consumption figures include crude consumed as such, all its products and related fuels such as Benzol, Natural Gasoline, 
Alcohol used as Motor Fuel, Oil delivered to ships, bunkers is included in consumption of country where deirerian are pra: 
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of Italy as long as that country is not assured—while at war—of its 
needed civil and military oil supply from other sources than Rumania—a 
condition that virtually would mean the effective control of the Iraq 
fields and the eastern Mediterranean by the axis powers. The accom- 
panying chart (Fig. 1) shows that foreign military consumption, and 
possibly additions to foreign stocks, aggregated 175,000,000 bbl. in 1939, 
or 18,000,000 bbl. more than in the preceding year. 

The effect of the four months old European war has been to decrease 
the civil consumption in the belligerent countries and to increase it in 
the neighboring neutrals. The tables show that the civil consumption 
in the United Kingdom, France and Germany has decreased some 
7,400,000 bbl., while civil consumption in Italy, Netherlands, Sweden, 
Norway, Denmark and Belgium has increased in the aggregate close to 
4,000,000 barrels. 


DISCUSSION 


(Lyon F. Terry presiding) 


J. D. Gitu,* Philadelphia, Pa.—I want to express a feeling of personal indebted- 
ness to the authors for the material helpfulness of their efforts in collecting and assem- 
bling innumerable data and in the making of many estimates, out of which they have 
constructed this comprehensive world picture of petroleum consumption. The present 
paper, like its predecessors, has been eagerly awaited by students of the industry, who 
have been saved an enormous amount of what would otherwise be duplicatory effort. 
The significance of these figures grows out of the fact that the world-wide usage of 
petroleum products and the irregular distribution of sources of raw material makes any 
lack of knowledge of supply-demand relationships in any part of the world a serious 
impediment to an understanding of competitive forces anywhere else in the world. It 
is hoped that the authors, or others able and willing, may extend the story by showing 
statistically the flow of crude and products from source to destination. 


* Atlantic Refining Company. 


Chapter IV. Production 


Introduction 


By James Terry Duce,* Mpmper A.I.M.E. 


In order to facilitate interpretation of the data in this chapter, we 
print the following excerpts from the Circular to Authors. 


The field is the unit in this tabulation: In cases of fields extending across State 
boundaries, such as Rodessa, it is suggested that each State author treat the section 
of the field in his State as a unit, and by a footnote indicate that the field extends into 
an adjacent State. 

Each space in Table 1 may represent one of four possibilities; either it is not 
applicable to the particular field, or the proper entry is not determinable, or the proper 
entry may be determinable but is not determinable from data available to the author, 
or the proper entry is determinable. When spaces are not applicable, leave blank; 
in spaces where the proper entries are determinable from data available to the author, 
please insert y; in spaces where the proper entries are determinable by the author, 
make such entries. y implies a hope that in some future year a definite figure will 
be available. 

The entry of an 0 is a positive declaration, and an important declaration where it 
is in order. 

Inability to determine precisely the correct entry for a particular space should not 
lead the author to insert merely y. Contributions of great value may be made by 
the author in many cases where entries are not subject to precise determination. In 
such cases the author should use his good judgment and make the best entry possible 
under the circumstances. For many spaces the correct entries represent the opinion 
of the author (for example, ‘‘ Area Proved”) and in such cases the entry need not be 
hedged to such extent as when the quantities are definite yet can be ascertained only 
approximately by the author. 

In cases under definite headings but where figures are only approximate, the 
author may use 2. 

It is thought that the nearest whole numbers are sufficiently accurate for our 
purposes except as to percentage of sulphur in oil. If an author desires to report any 
other figures to tenths, he may do so. ; 

The quantity of gas produced should include, where possible, gas sold or otherwise 
marketed, and gas blown into the air, burned as flares or otherwise wasted. Segrega- 
tion of these figures would be interesting if the authors can make such segregation. 
In any event, the figures should represent as nearly as possible the total quantity 
of gas removed from the reservoir. 

Under the columns on ‘‘Depth,” the average depth to the top of the productive 
zones and to the bottom of the productive wells, when subtracted, should give the 
approximate thickness of the productive zone. For fields where this is not true 


* Geologist, The Texas Company, New York, N. Y.; Chairman for Production, 
A.I.M.E. Petroleum Division, 1936-1940. 
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because of unusually high dip or for some other reasons, it is suggested that the 
authors indicate in their text the approximate average thickness of the produc- 
tive zone. 

The net thickness of the producing formation should be the thickness of the pro- 
ducing zone, less the estimated amount to cover the portions of the zone that do not 
yield oil, such as dense shales, etc. It is recognized that for some fields the authors 
can only make rough guesses; in such cases, they should enter either z or y, whichever 
is appropriate, and production per acre-foot will have to be treated in a similar 
manner. Average production per acre-foot can be calculated by those interested 
from the figures given. 

In classifying wells as to producing methods, enter all wells that are not “‘flowing” 
in the column headed “Artificial Lift.’”’? If desirable, add footnotes to indicate 
whether the lift is ‘‘pumping,” ‘gas lift” or ‘‘air lift.” 

It is recognized that for many fields it would be very difficult to determine accu- 
rately the quantity of each gravity of oil produced. However, the approximate 
weighted average gravity, which will be representative of the total production can be 
determined sufficiently accurately to constitute significant information. 


Footnotes TO CoLUMN HEADINGS—TABLE 1 


@ All fields to be listed alphabetically for the district; or alphabetically by counties 
in alphabetical order. 

> Areas where both oil and gas are produced, unless gas is marketed outside the 
field, are included in column headed “‘Oil.”” Manufacture of casinghead gasoline 
and carbon‘black is interpreted as outside marketing of gas. 

¢ Wells producing both oil and gas are classified as ‘‘ Producing Oil.’’ Gas wells 
are those producing gas, but include those producing wet gas, from which casinghead 
gasoline may be produced. 

4 State by letters, as indicated, type of operation: PM, pressure maintenance from 
early life of field; RP, field repressuring in its later life; SR, repressuring operations of 
secondary recovery type. 

¢Cam, Cambrian; Ord, Ordovician; Sil, Silurian; Dev, Devonian; Mis, Missis- 
sippian; MisL, Lower Mississippian; MisU, Upper Mississippian; Pen, Pennsylvanian; 
Per, Permian; Tri, Triassic; Jur, Jurassic; CreL, Lower Cretaceous; CreU, Upper 
Cretaceous; Eoe, Eocene; Olig, Oligocene; Mio, Miocene; Pli, Pliocene. 

4 §, sandstone; H, shale; L, limestone; OL, odlitic limestone; LS, limestone, sandy; 
C, chalk; A, anhydrite; D, dolomite; Da, arkosic dolomite; Gw, granite wash; P, 
serpentine. aw 

9 Figures are entered only for fields where the reservoir rock is of pore type. 
Figures represent ratio of pore space to total volume of net reservoir rock expressed 
in per cent. ‘‘Por’’ indicates that the reservoir rock is of pore type but said ratio is 
not known by the author. ‘‘Cav”’ indicates that the reservoir rock is of cavernous 
type; ‘‘Fis,” fissure type. ’ 

* A, anticline; AF, anticline with faulting as important feature; Af, anticline with 
faulting as minor feature; AM, accumulation due to both anticlinal and monoclinal 
structure; H, strata are horizontal or near horizontal; MF, monocline-fault; MU, 
monocline-unconformity; ML, monocline-lens; MC, monocline with accumulation 
due to change in character of stratum; MI, monocline with accumulation against 
igneous barrier; MUP, monocline with accumulation due to sealing at outcrop by 
asphalt; D, dome; Ds, salt dome; T, terrace; TF, terrace with faulting as important 
feature; N, nose; 8, syncline. 
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Oil and Gas Development in South Arkansas in 1939 


By Warren B. Weexs,* MemsBer A.I.M.E. 
(New York Meeting, February 1940) 


ContTINUED development in the deeper fields discovered during 1937 
and 1938 was largely responsible for the 16 per cent (2,913,400-bbl.) 
increase in production, bringing the 1939 output to 21,376,230 bbl., the 
largest for South Arkansas since 1929. 

The older settled fields continued to decline and Rodessa was added 
to this classification. Magnolia field accounted for much of the increase, 
with Schuler field showing only a slight increase. There were 248 wells 
drilled during 1939, five more than during the previous year. Of 198 wells 
drilled in proven fields, 21 were dry; 46 of the 50 wildcats drilled were dry. 
The old depth record of 8332 ft. was increased to the present record 
of 9028. 


TREND OF PROSPECTING 


Production from the porous “ Reynolds”’ odlite zone of the Smackover 
limestone continued to be the objective of prospecting. During the year 
20 seismograph, 3 gravity meter, 1 magnetometer, 1 soil analysis and 1 
electromagnetic crews were reported in the state. The geophysical work 
was largely concentrated in three southern counties: Columbia, Lafayette 
and Union. As indicated in Table 2, the same three counties received 
most of the important drilling tests. At the end of the year only three 
seismograph crews remained in the areas. 

The area for prospecting Smackover limestone was greatly narrowed 
during the year by the failure of two “fault zone”’ wells to find satisfac- 
tory permeability in the odlite zone, and by the relatively thin sections of 
porosity found in wells drilled in townships 18 and 19 South. 


GEOLOGY 


Most of the wells listed in Table 2 afforded additional control on struc- 
ture of the lower beds, but gave little new information on stratigraphy. 
Of the 248 wells drilled, 3 ended in Tertiary, 34 in Gulf, 1 in Paluxy, 29 in 
Glen Rose, 15 in Travis Peak, 15 in Cotton Valley, 139 in Smackover, 2 in 
Eagle Mills and 10 in Carboniferous. The age of the beds between the 
Travis Peak formation and Carboniferous is still questionable. Most 


Summarized at meeting; manuscript received at the office of the Institute 
March 18, 1940. 
* District Geologist, Phillips Petroleum Co., El Dorado, Arkansas. 
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TABLE 1.—Oil and Gas Production in South Arkansas 


S I MA LAK Se A= 
Total Gas : a 
Area Total Oil Production, Production, Number of Oil and/or Mathads 
Proved, Bbl Millions Gas Wells Pheer 
Acres 4 Cu. Ft Letts, 
Oe She 1939 
During} End of Number 
F 1939 1939 of Wells 
Field, County B . 
5 5 To End of | During is >a fe = 
= n A i 
" A 1939 1939 Ba(B/SEsl— |e 3 
5 s US] wm (BS/2/S8isQls tsi P| s 
5 3 hs BS | go |G 5/e/35 23/5. /3l-e] & 
: ate ae foe | 22 |85| 2/3 |8al BSlE| S| = 
fe >| 6 15 BF] AM [SFIS la leZ cola | < 
“T| Atlanta, Columbia..|1938] 4004 0 109,970 108,000 0 0 6} 5) OO} O 6} 0} 6 0 
2| Big Creek, Columbia} 1939 4047) 0 620 620 15y lby je a 1/0} 1 0 
3} Bradley, Lafayette. .|1925 80 0 186,705 0 0 0 6} 0} O| O 0} 0} +O 0 
4] Buckner, Columbia, |1937| 1,0004 0} 1,038,195 675,805 0 0 19} 10) 0) O 19] 0} 17 2 
Lafayette......... 
5| Camden, Ouachita. .|1934 10 0 37,610 780 0 0 1] 0} O| O 1| 0] O 1 
6} Champagnolle, 
Unions. Sear 5 1927] 2,040 a| 14,186,945 573,560 xz | 237; 4) 4] 10 87; 1} O| 87 
7| Dorcheat, Columbia |1939| 3004 | 0 37,930 37,930 y 3} 3] 0] 0 3} 0} 3 0 
8] East El Dorado, 
Unione, seeks. 1922] 1,420 a| 9,277,545 129,4108 x 0} 189} 2) 10) 0 56] 3] 0} 56 
9| El Dorado, Union. .|1920| 8,000 t| 47,463,410 487,700 z O {1,115} 0} 6) 7] 213) 0] Oj} 213 
10}Garland City, 
Miter eerste ce 1932} 300 0) 1,858,360 111,350 0 0 28] 0; 1 7 15} 0} O}| 15 
11) Irma, Nevada......|1921) 900 z| 6,654,5156 212,720 z 0} 150) 0] O| 4 73, 0} O| 7 
12} Lewisville, Lafay- 
We cantatas 1939] 300 0 134,120 134,120°9 0 0 11] 11} 0} 0 11; 0} 7 4 
13} Lisbon, Union..... 1925] 2,700 x| 6,627,425 89,880 x 0} 356; 0} O; 1] 149] 0} O} 149 
14] Magnolia, Columbia|1938| 4,0004 0} 3,726,050 | 3,595,580 F x 82} 76] 0} O 82] 0} 82 0 
15} Mt. Holly, Owachita|1929 60 0 117,085 0 0 0 6} 0; O| O 0| 0} 0 0 
16} Rodessa, Miller’. ..|1937| 2,000 |200| 5,092,345 | 1,421,160 |24,406 |10,008 | 120) 11} 23| 3 84| 6) 10) 74 
17| Schuler, Union. . . .|1937| 4,350 0} 13,901,190 | 6,417,445 168} 37} 0} O | 168) 0/154; 14 
18 Morgan sands.|1937| 350 0| 1,830,620 334,725 0 0 ll; 0} O| 0 11; 0) O} 11 
19 Jones sand... .|1937| 3,300 0| 10,730,320!°| 5,192,930 0 0} 141) 31) 0} O|} 141) 0/138 3 
20 Reynolds odlite}1937| 700 0} 1,340,250 889,790 y 0 16] 6} O| 0 16) 0} 16 0 
21) Smackover, Oua- 
chita, Union..... 1922) 25,760 378,326,080 | 6,080,955 3,741} 5) 79] 60 |1,699| 5} 0/1,699 
22 Heavy ( Norph- 
LOG) bisa Seicisc 1922] 16,000 2|324,203,000 | 5,353,065 x z y| 5) 48} 50 |1,171] 5} 0/1,171 
23 Light (Luann) .|1922) 9,600 x) 53,959,940 697,130 x x y| 0} 30) 10 | 525) 0} 0} 525 
24 Snow Hill..... 1936] 160 x 163,240 30,760 x 0 6; 0; 1) O 3 0 3 
25] Stephens, Columbia 
Nevada, Ouachita.|1922| 3,000 z| 6,357,850 194,655 x 0 | 306; 0; 0} O| 199) 0} 0; 199 
26| Troy, Nevada..... . 1936) 290 0} 1,134,680 412,205 0 0 26; 8} O| 0 26| 0} 0 a 
27| Urbana, Union..... 1930} 500 a| 4,925,505 386,570 x 0 48} 0} O| 1 38] 0} 0 
28] Village, Columbia. .|1938| 600 0 375,170 305,785 y 7] 1 ai 0. 6 11] 0} 11 0 
29 AP OGAIN neucinters 58,050 501,569,305 |21,376,230 6,630!180'123| 93 12,941115'291/2,651 
seh ON A 08 VOU | 1001, 009,000 [41,976,230 | | 1663011801123) 93 12,941115 291/2,651 


» Footnotes to column heads and explanation of symbols are given on page 239 

' Including the new Lawson area and other small producing areas. 

* Includes the single Glen Rose producer in sec. 24, T. 15 §., R. 26 W. 

* Information largely furnished by L. D. Bartell, East Texas Refining Co., Dallas, Texas. 

4 4 a of Atlanta, Big Creek and Dorcheat are still undefined. Slight extensions may be expected at Buckner and 
agnolia. 

5’ Champagnolle, East El Dorado, El Dorado, Irma, Lisbon and Smackover produced large quantities of gas in earlier 
years, some of which was used digeconineg _ Stephens produced some gas from the Nacatoch, and Urbana from the 2700-ft. 
sand, The gas at Snow Hill was quickly dissipated. The Jones sand and Reynolds odlite at Schuler have gas reserves, but 
gas is not being produced commercially at present although 800,000,000 was taken from the Reynolds odlite. Magnolia, 
Big Creek, Dorcheat and Atlanta have gas reserves that have not yet been used commercially. 

6 Includes 135 bbl. produced at Falcon in 1938. 

7 This is a gas-distillate area. 

8 Including 3705 bbl. from two pumping wells at Lawson (Graves and Meekin sands). 

9 Includes one well producing from the Tokio or Blossom saad at 2347 feet. 


‘ Ps year’s reported Jones sand production of 5,197,775 bbl. should be corrected to 5,208,845 bbl., an addition of 6070 
arrels. 
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geologists of this area agree that they are of Mesozoic age and there is some 
evidence that they are Jurassic. 

New FIeLps 


Dorcheat—On Aug. 28, 1939, the Atlantic Refining Company’s Pine- 
woods Lumber Co. No. 1, sec. 16, T. 18 S., R. 22 W. in southwestern 


TaBLE 1.—(Continued) 


Reservoir 


Character . ‘ D 
Pp Lb. ; eepest Zone Tested 
goa Bay ofl Producing Formation ‘> End of 1939 
Depth, Avg. Ft. 
3 | Initial| 3 s N A é 
nitial < ame e ae 
8 a. <.¥el 2 Sed egies ale ENO Es 
3 3B [pHs Ms 8 2/52 4 qi) § oF 
eA BS ES wE ES s |e 2/834 e| 3 Ag 
ms am |E2 6 Slay £/3)| 8s Shc ei 2 BS 
z Bs |Ser alse S/5| SiS |Shelse| & aS 
a < ia, mn [3] ma =| —Q a mM A 
1/3,844e |3,810e 44 0.6] Smackover ls. | Jur? OL |17.6} 8,202 {8,227 25} A | Smackover ls. |8,332 
2 y y 69 y | Smackover ls. | Jur? OL |13.4| 7,959 |7,995 36| A | Smackover Is. |7,999 
3 y Ey 27 y | Buckrange ss. | CreU S |Por| 2,785 |2,790 5| A | Paluxy 3,555 
4|3,200e |2,850e 32 0.3) Smackover Is. | Jur? OL | 10 | 7,200 {7,260 60| A | Smackover ls. |7,444 
to 
20 
5 y y 17 y |Nacatoch ss. | Cre S |Por| 1,356 |1,369 13 Travis Peak {2,500 
al ou |v] 32 | 1a] (Pome oak [oreL}| 8 |Por|{3'sa0 [a'sso | 19] NU | Basle Mills salt} 6,o11 
7|4,165¢ |4,165e 44 0.4] Smackover ls. | Jur? OL |15.0} 8,815 {8,875 60| A | Smackover ls. |9,028 
y y 20 1.8} Nacatoch ss. | CreU § |Por| 2,170 |2,180 10| TL | Cotton Valley |6,003 
2,100 ) |2,177 
9 y y 32 1.0| Nacatoch ss. | CreU S | Por aes 20| ANL | Travis Peak [3,396 
2,9. 
2,925 |2,935 a 
10 y y 31 1.2| Paluxy and | CreL § | Por { } , \ 10|/ ML | Smackover ls. |7,310 
Gon ties 4,200 |4,215 
11 y y 14 2.7| Nacatoch ss. | CreU S |Por| 1,150 {1,179 27| AF | Travis Peak [8,735 
12/1,450 |1,050 42 0.6 Lone Glen | CreL cee 17.0| 3,400 {3,500 20| TF | Smackover Is. |7,420 
ose 
13 y y 35 1.0] Nacatoch ss. | CreU S | Por} 2,100 {2,120 20| ML | Travis Peak  |3,509 
14/3,555e |3,380e 38 0.9| Smackover Is. | Jur? OL |16.1| 7,350 |7,600 100; A  |Smackover ls. |7,824 
15 y x 30 y | Travis Peak CreL § |Por| 2,800 ~}2,813 7|ML(?)| Travis Peak 3,378 
16|2,500y | 300y 44 y |Lower Glen|CreL |OL,| 5.0) 6,050 (6,100 25| AF |Lower Glen |6,514 
Rose LS | to Rose 
30.0 
17 5,600 |7,635 gs} A | Smackover ls. |8,328 
18}2,000y x 40 0.5] Cotton Valley | Jur? § |15.0) 5,600 {5,885 20) AL 
19/3,520¢e |2,339¢ 30 1.5] Cotton Valley | Jur? S |17.6} 7,530 |7,610 42) A 
20|3,545¢ |3,448e 38 0.9| Smackover ls. | Jur? OL |14.3] 7,600 |7,635 26| A 
21 £ x 2,000 |4,960 100| Af | Igneous 7,973 
Nacotoch 2,000 |2,025 : 
22 y y 20 2.2] < Graves CreU S | Por| 2,450 |2,475 40| Af | Eagle Mills salt}7,255 
Tokio 2,600 |2,610 
23 y y 22 1 eae CreU S | Por 209 AH 30) ALf | Igneous 7,973 


Smackover ls.| Jur? OL |25.0} 4,800 |4,960 30| Af | Hagle Mills salt|5,708 
acatoch ss. \ CreU gs | Por Ree 1,510 ap \NLt Smackover ls. |6,053 


tw 

> 

a 

a 

w 

or 
— 

_ 

Oawoe oo 


Buckrange ss. 2,100 {2,110 


‘| § Nacatoch ss. 1,243 |1,250 : 
ploy | eo Pe oly ielnets 88-1 Ore | 8 |Por| | 2'460 ee 10| F | Bagle Mills salt] 6,143 


Nacatoch ss. | CreU 2,270 |2,280 
27 y y 18 21 ae Peak CeLt S | Por 3'550 neat 10| A | Cotton Valley |4,501 


28|3,350¢ |3,323¢ {eet 0.3|Smackover Is. | Jur? | OL |14.0) 7,300 |7,450 | 50| A | Smackover Is. |7,603 


11 ¢ indicates bottom-hole pressure. 


1. W. Imlay: Manuscript in preparation describing stratigraphic information 
obtained from the recent drilling in South Arkansas. This bulletin, to be published 
by the Arkansas Geological Survey, will discuss evidence as to the age of the deeper 
beds as well as give a historical interpretation. 
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Columbia County, was completed for 528 bbl. of 44° gravity oil per day on 
%oin. choke. Production comes from Reynolds oélite zone from 8815 to 
8871 ft. in the Smackover limestone. This deepest production in South 
Arkansas was discovered as a result of seismograph work in an area pre- 
viously thought to be “structurally high”’ from subsurface correlation of 
Gulf beds. 

Three wells had been completed by the end of the year and had pro- 
duced 37,930 bbl. of oil and three wells were drilling. A spacing program 
of one well to 40 acres is being followed. Development will be slow 
because the structure is largely a gas-distillate reserve. The field was 
named from the local community. 

Big Creek.—Standard Oil Company of Louisiana completed Petty 
Stave Company’s No. 1 on Dec. 23, 1939, for the eighth Reynolds odlite 
zone field of this area. This well is in sec. 4, T. 17S., R. 21 W., a few 
miles northwest of the town of Magnolia, Columbia County. From a 
depth of 7955 ft. the well produced 168 bbl. of 69° gravity colorless oil 
with 4,108,000 cu. ft. of gas. This gas-distillate field, which was dis- 
covered by seismograph work, will probably cover only asmall area. The 
field received its name from a near-by stream. 

Lewisville—East Texas Refining Co. completed Patton No. 1 in 
sec. 24, T.16S., R. 24 W., on April 25, 1939, as the second field producing 
from the Rodessa member of the Glen Rose in South Arkansas. The well 
flowed 168 bbl. per day of 42° gravity oil on open choke. Production 
comes from 3410 ft. in an odlitic and sandy limestone zone immediately 
below the Glen Rose anhydrite. One well produces from the Blossom 


TaBLE 2.—Summary of Drilling Operations in South Arkansas 


Important Wildcats Drilled in 1939 


Location 
ee eee er. otal Surf: Deepest 
County Depth, ieee Horizon 
He. Formation Tested 
Sec Twp. Ree 
Ai Bradiay eis. ccren ice ain textes 14 178 10 W | 5,310 | Cockfield Smackover Is. 
2 \\ Calhoun \asiaes vias deve et cacy) ote 17 148 13 W | 5,007 | Cockfield Eagle Mills anhydride 
Bi COM big siasstercicmrreosjantieaacdtes 16 18S | 22 W | 9,002 a Smackover ls. 
A COMMA np akse in venaeey Glare 4 178 21 W | 7,999 aiborne Smackover ls. 
5) Columbia ci aatnsachetaee ict ote 4 178 | 21W | 8,510 | Claiborne Smackover ls. 
Oi Columbia. tec names suaeteedins si cae 36 168 | 20W | 7,778 me Smackover ls. 
|) ktigia Ds sin cearctartys ciilala nis aia’ eiate 31 178 | 18W | 7,858 | Cockfield Smackover ls. 
Bil COMMIS, stators». 0 geret hete crs srgcce 15 188 | 22W | 9,028 | Sparta Smackover ls. 
§ | Cola big oMusar tae atedatce cbs 9 168 22W | 7,272 | Claiborne Smackover ls. 
1G'| Matayette; cata ai ave hk og 24 168 24 W | 3,606 | Wilcox Lower Glen Rose 
A} Ratavettevssicatsawodiasc coe Sates 13 168 24.W | 7,420 | Wilcox Smackover ls. 
13 | LAAvereieceesacaish pindtene noose 15 198 26 W | 6,801 | Claiborne Travis Peak 
13 Ouachita denscateinss roe oR 23 158 19 W | 6,053 | Claiborne Smackover Is. 
14 | Ousonitay. came tino anence taste 29 15S | 17W | 6,092 | Cook Mountain | Smackover Is. 
15 | Ouachita dv eecasjcr cites vee gene 27 15S | 18W | 1,618 | Cook Mountain | Nacatoch sand 
16) Unions omencctac. cee ceases 13 188 12 W | 6,290 | Cockfield Smackover ls. 
VG | UDON sas said tts caigce sara Nie sale 22 198 14 W | 7,939 | Cockfield Smackover ls. 
AG, WHM Ae saneitn a eaeaeciecuichals 6 188 13 W | 4,601 | Cockfield Cotton Valley 


ET 
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sand at 2305 ft. in basal Gulf. The eleven wells completed to the end of 
the year had produced 134,120 bbl. of oil. By that time four wells were 
pumping. The accumulation is due to structural closure against a fault 
and the field was discovered by subsurface correlation. Porosity condi- 
tions are poor and the area and recovery are expected to be small. Spac- 
ing of one well to 20 acres is being followed. The field was named from 
the town of Lewisville, several miles to the west, and is the third producing 
area for Lafayette County. 

West McDonald.—On Nov. 8, 1939, Sherry O’Brien completed Cook 
Estate No. 1, sec. 27, T. 158., R. 18 W., southern Ouachita County, for an 
estimated 20,000,000 cu. ft. of gas on 14-in. choke from a depth of 1588 ft. 
in the Nacatoch sand. The well has been shut in since completion. The 
structure consists of closure against a fault and covers only a small area. 
Discovery was due to subsurface well correlation. This well is several 
miles west of the abandoned McDonald (Mt. Holly) field. 


EXTENSIONS AND DEVELOPMENT 


Lawson.—During August of 1939, Lion Oil Refining Co. deepened an 
abandoned small Nacatoch-sand gas well in sec. 6, T. 18 8., R. 13 W., and 


TaBLE 2.—(Continued) 


Important Wildcats Drilled in 1939 


Initial Production Pressure, Lb. 
per Day Choke or per Sq. In. 
' La eg || ee 
Drilled by : Fractions Remarks 
Oil, Gas, of an . 
U.S. Millions Inch Casing | Tubing 
Bbl. Cu. Ft. 
1| Amerada Petr. Corp. Dry hole 
2| J. R. Lockhart et al. Dry hole 
3| Atlantic Ref. Co. 528 2,000,000} 1864 1,150 750 | Discovery well, Dorcheat field 
4| Standard Oil Co. of La. 168 4,000,000} 1464 2,375 2,325 | Discovery well, Big Creek field 
5 | Phillips Petr. Co. Dry hole 
6 | Standard Oil Co. of La. Dry hole 
7 | Twin City Syndicate Dry hole 
8 | Lion Oil Ref. Co. 300 1,900,000) 1364 3,150 2,900 | Deepest well in state 
9 | Standard Oil Co. of La. 192 71,000) 2564 50 60 | East extension, Buckner field 
10 | East Texas Ref. Co. 168 open 100 400 | Discovery well, Lewisville field 
11 | Shell Oil Co. et al. Dry hole: Smackover limestone 
not permeable 
12 | Wadley & Irwin Dry hole , 
13 | Deep Rock Oil Corp. Dry hole: Smackover limestone 
not permeable 
14 | Lion Oil Ref. Co. Dry hole 
15 | Sh O’Brien 0 | 20,000,000; 3364 Discovery well, West McDonald 
16 | Joe Modisett Dry hole 
17 | Oliphant Oil Corp. Dry hole 
18 | Lion Oil Ref. Co. 65 pump | Discovery well, Graves sand, 
Lawson area 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1939. ......... +++ sesseeeeeereen erences 27 17 
Number of oil wells completed during 1939..........-..-. 35g 176 2 
Number of gas wells completed during 1939 1 2 
Number of Pe holes completed during 1939 21 46 


i 
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completed it in the Graves sand at 2674 ft., pumping 65 bbl. of 23° gravity 
oil per day with a large quantity of water. A subsequent well pumps 
25 bbl. of 17° gravity oil and a large quantity of water per day from the 
Meekin sand at 2583 ft. Two other tests were dry in these sands and the 
area will see no further development. 

Magnolia—The Magnolia field, Columbia County, led in drilling 
development for this area with the completion of 76 oil wells from the 
Reynolds odlite zone. Three dry holes were drilled. With approxi- 
mately 4000 acres proven, 82 wells completed and 10 drilling operations, 
the field had developed into a major producing area, most estimates of 
recovery running well over 100,000,000 bbl. Owing to ‘“ water-drive’’? 
the reservoir pressure has declined very little from the original. This 
field should be completely developed during 1940. 

Schuler.—In the Schuler field, Union County, 37 oil wells and 2 dry 
holes were completed. Five of the wells were completed from the 
Reynolds odlite zone, the remainder from the Jones sand. Both reser- 
voirs were practically fully developed by the end of the year. The com- 
bined acreage for the three reservoirs—the Morgan sand zone, the Jones 
sand zone and the Reynolds odlite zone—will stand at approximately 
4350 acres. Reservoir pressure in the Jones sand dropped approximately 
1200 lb. during the year, with no evidence of water encroachment. 
The reservoir pressure of the Reynolds odlite zone dropped only 
100 lb., being maintained by the natural water drive of that zone. 

Other Fields.—Although 11 oil wells and 1 dry hole were drilled in 
Rodessa field, Miller County, during 1939, the productive area was not 
greatly extended. Reservoir pressure had dropped to 300 lb. and only 
10 of 84 wells were flowing naturally. Little or no further development is 
expected. The Standard Oil Company of Louisiana’s Johnson No. 1, in 
sec. 9, T. 16S., R. 22 W., was an east extension for Buckner field, Columbia 
County. Nine other wells were completed and two wells were near com- 
pletion at the end of the year. It is expected that this 1000-acre Reynolds 
odlite zone field will see little more development. Troy, Nevada County, 
had eight pumping wells completed, one from the Nacatoch sand, the 
remainder from the Blossom sand. Two dry holes were drilled. One well 
was drilling at the close of the year. Vallage, Columbia County, had seven 
oil wells and one dry hole. The field is defined and developed at 600 
acres. Atlanta, Columbia County, had five oil wells added, including an 
east one-mile extension, which should cause from 10 to 15 additional wells. 

There was little development in the older settled pools. Champagnolle, 
Union County, had four oil wells and two dry holes. In the same county, 


2 A. M. Crowell: Development and Early Exploitation of a Water-driven Oil Pool 
under Proration. Petr. Engr. (Nov. 1939) 21-26. — 

* A. M. Crowell: Data on Gas-driven Pool Discloses Characteristics Differing from 
Water-driven Reservoirs. Petr. Engr. (Oct. 1939) 25-30. 
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Smackover had four small oil wells and a gas well; Urbana and El Dorado 
had one dry hole each. 

Falcon, reported as a new field in sec. 9, T. 15 8., R. 22 W., Nevada 
County, last year, was abandoned after the two wells proved unprofitable 
and a third well was dry. 


REGULATION OF PRODUCTION AND DEVELOPMENT 


The Arkansas Oil and Gas Commission was set up by legislative act 
early in 1939 and supplanted the old Arkansas Board of Conservation. 
The statute gave the new body wide powers of conservation control, and 
this Commission has functioned ably in collecting data from various 
fields and in enforcing production and development rules. The following 
recent flush fields have been regulated: 


ied ——_Snacing,| —_Poducing Field |yacing) —_Produelng 
Atlanta.........| 40 | Reynolds odélite | Schuler........ 40 | Reynolds odlite 
zone zone 
Buckner: f5= 2.6 40 | Reynolds odlite | Schuler........ 20 | Jones sand 
zone Village 2.8 oes yo. 40 | Reynolds odlite 
Magnolia....... 40 | Reynolds odlite zone 
zone 


a 


Because of the small production and early dissipation of pressure, con- 
trol was unnecessary for Snow Hill, Rodessa and Lewisville. Big Creek 
and Dorcheat are following the 40-acre spacing pattern and production 
will be prorated as further wells are drilled. 

Production is allocated to wells within the controlled fields by formulas 
based on the product of two factors, acreage and bottom-hole pressure, 
with the exception of the Village field, where a more complicated formula 
limits wells having high gas-oil ratio to a certain maximum reservoir 
voidage. Some operators in the Schuler field have petitioned the Com- 
mission to adopt a formula for the Jones sand reservoir, taking into 
account the original oil in place under various leases. It seems probable 
that this question may be carried into court. 


ACKNOWLEDGMENTS 


This material was prepared with the permission of C. O. Stark and 
D. E. Lounsbery, with the Phillips Petroleum Co., Bartlesville, Okla. 
Production data were obtained from the scouting department of the 
Standard Oil Company of Louisiana, Shreveport, La. LL.D. Bartell, 
with the East Texas Refining Co., Dallas, Tex., assisted with information 
on the Lewisville and Rodessa fields. 


Developments in California Oil Industry during 1939 


By V. H. WitHetm,* Memper A.I.M.E. 
(New York Meeting, February 1940) 


DRILLING activity in California during 1939 decreased approximately 
15 per cent from that of the previous year. New reserve discoveries were 
the lowest in many years, but extensions, development of deeper sands, 
and reappraisals, indicated enough new potential to more than equal 1939 
withdrawals of about 223,644,000 barrels. 

On June 1 a new uniform method of allocation was adopted, which 
had the immediate effect of reducing production, so that approximately 
6,000,000 bbl. of crude were withdrawn from storage during the year. 
Market demand averaged 628,845 bbl. per day as compared with a daily 
production of 612,945 barrels. 

The rate of drilling was slow during the first five months because of 
the unfavorable storage situation. Subsequent to the adoption of the 
new uniform method of allocation on June 1, drilling was speeded up and 
continued at a rapid rate throughout the remainder of the year. 

As a result of prospecting, four new fields were discovered and seven 
fields were measurably extended. All of the new discoveries were made 
in the San Joaquin Valley. 

Statistics of production and development are given in Fig. 1 and 
Tables 1 to 3. 


New DIscovERIEs 


Coalinga-N ortheast—The Amerada Petroleum Corporation discovered 
a second Eocene shore-line field north of the Coalinga Nose when it 
brought in well 8.P.L. 7-17 in sec. 17-19-16, flowing 4230 bbl. of 32.4° 
gravity oil and 14,200,000 cu. ft. of gas at a depth of 8237 ft., from the 
“Gatchell” sand of Eocene age. This field, 2 miles north of the Coalinga 
Nose field, is considered to be a separate structure because it has a gas 
cap and a lower water table. The structure is a broad, gentle anticlinal 
nose probably separated from the southerly Coalinga Nose field by a 
shallow syncline. Production is sealed updip by the pinching out of oil 
sands. The average sand thickness is approximately 200 ft., the top 
75 ft. containing mainly gas. The sand has an average permeability of 
1000 millidarcys and an average porosity of 25 per cent. The productive 
area of the field is estimated to be between 1200 and 1500 acres. 

Summarized at meeting; manuscript received at the office of the Institute 
March 22, 1940. 

* Chief Petroleum Engineer, The Texas Company, Los Angeles, Calif. 
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Mountain View Field (South) —The discovery of the South Mountain 
View field was the result of the combined operations of the Standard Oil 
Co., Superior Oil Co. and The Texas Company. It is 2 miles south 
of the main Mountain View field along the Mountain View fault. The 
discovery well, Standard Oil Company’s Jewett No. 1, was brought in 
flowing 2875 bbl. of 37.1° gravity oil and 900,000 cu. ft. of gas from the 
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Chanac formation of Pliocene age. The structure is monoclinal, sealed 
by the main Mountain View fault on the east and cross faulting on the 
north. The estimated productive area of the field is 120 acres, having 
an average net sand thickness of 60 ft. This sand has a permeability of 
500 millidarcys and a porosity of 24 per cent. 

Paloma Field.—The Paloma field, 14 miles southwest of Bakersfield, 
was discovered by the Western Gulf Oil Co., in partnership with The 
Texas Company. Geophysical exploration was responsible for outlining 
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TABLE 1.—Oil and Gas Production in California 


om ———___—— 


Area j ‘ 
Proved, | Total Oil Production, Bbl. 
Acres 
po 
o! 
Field, County Dis- 
covery 
F To End of 4, 
Lt 
8 Oil 1939 During 1939 
g 
tj 
Zz 
o 
& 
a 
San Joaquin VALLEY 
Sis Rare oc. Shab ee POSE W ape ane San ee RE ee 1937 120 45,634 21,771 
iio Notiie Lowe ee ee 1912 | 1,837| 36,384'208| 4,345'343 
8] Belridge, South, Kerns ieccty sos secs 2o ose s vice oa ciel slater eae 1911 2,300 21,578,865 406,762 
4) Ganal; Kern 04. Sire, icine cls abe atte mai eie hice tates ieee 1937 920 2,733,246] 1,854,188 
5 Coalinga, Blasts FRGgWOn Sonics cee cero o Rano ORE nee 1896 5,300} 216,788,992) 1,379,727 
6|: Coalinga, ;West;.Frceno. © ames saute ne cores cere ee eee 1901 10,830} 142,658,281} 1,933,471 
'7| Coalinga, Hocene; i resne: {25 ct. sat tocels see eee a ee 1938 2,800 2,427,237| 2,181,170 
8 |: Coalinga; Northeast. resnos2k..2 tea arose acerca tee oe 1939 1,200 181,825 181,825 
0) Coles Levee, Kern it. veces cnn ove cacao re ite miners 1938 2,790 536,624 524,966 
10) Bdisons Korth, 06cm bcos os venison car aie eye aia 1931 1,240 6,467,874 828,020 
UL] Bk Hills; K ern eB 2 Maelo cant hoes tet ae eine eles 1919 7,870| 149,821,221} 3,820,922 
PD Pinitvale Kem. aeessn ceed ton cones cece eee ae ee 1928 2,050 20,261,770} 2,342,622 
13) Greeley, Kern’; fo\ oe Heys wa. cites eka iton toe bette eet ate 1936 1,900 2,505,987 811,203 
£4 lKem Front, Kern... oe. ararc haere te cia ate Ce oA wells s hole erataa 1925 3,960 43,298,542| 2,475,210 
TS UiKern River, Keri. it: toc Ne basi cial ee ele ee einai eae ico 1899 6,100) 274,480,285} 1,137,371 
£6}"Kettleman; Middlo; Kern.: Sese.. sotccem. ook ete 5 ace eat ea ria 1932 200 533,903 8,811 
17} Kettleman. North, Fresno, Kern. .....cccecsevcoveceasetleevecvenes 1928 | 15,887) 221,509,226) 19,546,684 
SIT oat Fila Kebrs a: aan cies asa eae her ree eet hee eee esc atelates 1910 1,550 48,672,888} 1,208,549 
AG McKittrick Kern. oh. ont eoesn reer ae etree ae eee aie Ace ee 1898 1,565 89,668,532} 1,309,477 
D0 Midway Maricopa,.Kerts. «aisst cis dis cake ceo okiccke.«. duende 1894 54,177| 876,622,555) 18,930,074 
Dil WNhountainy V 1ew. Acer tide sen akenalincs eraraitia vee vercie tee ais octet a cians ae 1930 2,050 35,243,073) 3,379,522 
D9 Mt. Poso Dist: Karnes tet. t,o ded corn + cic ae ee 1926 3,490 46,779,395) 4,198,580 
WS Palomiagernee tcc th a/uelaes Hee OCC a nikne+ othe se en eee ee 1939 400 23,207 23,207 
DAL PREMer CLT sas cats aan enero oka ates a.5\6 > Ree es er 1929 690 2,980,126 543,053 
25! Richfield Western, Kern (Tupman).............-..20ceeceececeees 1938 750 With Coles Levee 
26 Rio’ Bravo) Kertivine sses cote ee ee See caine De cies eee aee 1937 2,000 4,943,057| 2,871,094 
27 Round Mountain, -Kente.ne5 sevieccehi kas Serotec Mec season ene 1927 1,669 16,878,292] 2,676,225 
26) Strand, Kenge. si cence eh ae ore ae eee ec Sareea rere 1939 380 137,939 137,939 
29) Ten aaron Rens Si Bede Cae Goa. Be eae ee ae 1936 2,100 6,893,175) 3,264,497 
30] Wasco, Kerns sian sie tacee ace tee eet ies Oana ae ete i 1938 380 527,302 402,238 
31] Wheeler Ridge, 7 ak Ne Cet iE RO Cn ees Se ee nee. 1922 260 3,703,594 124,729 
32|'Others, £7 cei we unc tees cetera iy tees ahaa ct ean ek os 8,567,154 831,489 
33|# San‘ Joaquin Valley: total, ,.c.sce.ter. eis ee cee a ae sirens 2,288,854,099] 83,700,739 
Coastat District 
B4| Capreanl, Seer BarOards cbs wecaiac vm tice oh ee rentaets al Che ctpnanctaal tera 1929 296 4,255,474 875,772 
35) Elwood) Sta, Barbadian conus. sus ete ao ce tns ss as od oatle nite 1928 400 65,969,726} 1,545,508 
36) DAME Ear DATS. weds GIUGNE, oe) eG, fely sete in aa sentehieees aatelcnis erent 1929 132 3,195,732 100,557 
$7) Bammerland) Sta; Barbasas. cpuvscuuan ee ske bees een one nc eeneke 1892 180 3,145,470 9,776 
Santa Maria District 150,805,624] (6,372,444) 
$8): Canmalia Sire Barbara. i, oo. cote ea Ke es eee ede 1904 1,010 2 84,491 
89) Cat Canyon, Sta, Barbara, «./.scnsiwvisg ostle'c Coen Vale es dele dela a lets’ 1908 1,062 2 183,490 
40 | Gatoceed, Sia: Barbara: «.,.: «seat. tin cernee ade tioenten aes 1931 300 2 907,723 
ATV LGMmnOG Ste. ParOanae. fan.,.isiicie's Horcex ti aaetea din tee eacen RmeY oe 1903 2,215 2 107,274 
AD Orcutt ota DOnDard deine. w « sividdaNaloani eect tee mise e 1901 4,220 2 851,772 
AS |\Sante Maria Valley, 8a. Barbara, .c..cscccn vate tanes ycateae ena e 1934 5,230 2 4, 237, 694 
Ventura District 
44\ Padre Canyon, V enturdcce so casisnsleigs v's a ualeisy sien elneiivtes a clas v's 1936 165 1,029,386 254,756 
45 | Rincon, VenturOsioin'nio0cpbinsidieyep mvaganh shat omasn spinosa a 1927 380 10,963,892} 1,235,583 
AClionn Mipnelite,. V entuyias s+ cha. ..cvdl dear Fane nea tna nee 1930 180 3,926,444 696,540 
ATV CHUTE AVORUG. YOUU. scan cccc strech caahe biaenicteilnt aamee 1916 1,840] 213,239,323) 12,907,844 
J Ventura Newna.y District 61,279,066] (1,772,494) 
ASi Aliso Camyon) Lon A ngelen sh .cces ducer< ae adebiewiaslasnaam's sieaniass « 1938 100 228595 23, 
49) \Dardadalo; Vanturay..c;. does awit ceidtoh otis Mae Whan secant eee 1894 287 3 52,155 
BO || ORDERAAV GHIA Ease cae pes ecco seetsdavte aaa ma eee arena se 1937 | 490 3 74,319 
61], Elsmere Canyon, Los Angelen. <sitn cup anys ben cee Mere uh cba seh 1889 280 3 8.1. 
2 NEXCIMIRMION VOLUN. ta See sa ninc ete cle tanatwictae Ot eaten Cee 3 12,178 
Hopper Canyon, Ventura... . 3 
NEGCGLOS eRRUNE.. ctenuaacatakeme met. tel once eee en eat: 3 


+ Footnotes to column heads and explanation of symbols are given on p. 239. 
2 With Santa Maria. 
3 With Ventura Newhall. 
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Total Gas Produc- Seo tal iecare 
Por eats Number of Oil and/or Gas Wells Metho. ds, | voir Character of Oil 
pe End of 1939 | Pres- 
i Lb. pe 
During Number of - per 
1939 | End of 1939) “Wells Sa. In. 
2 
gs) 
To End | Durin ie Gravity A.P.I. at 
S| of 1939 | 1930 | 28 gy |BeE 5; |2%,| ~60°F., Weighted 
q Ba 3 o |e bo ac lao Average we 
3 eu | = | 2 lgals my | on | 2:3 ue 
e So ele besleey 2 lea low 18a lee 30 
g ge |e] se i|asisn| | Se) & (sree B5 
a om Se eS Ba SS) || 2) | GER) Ss) RPE Ss ry 
4 oOo [S) << |e AY ey < i oS = MD 
1 9 ps : Max. | Min 
30 
2 104) 13 33| 71| 61] 10 0.56] RP| 41 | 30 | 36 
3| ¢ 212,805) 44,366 { 256 138; 118| 1] 117 26 | 14 | 24 
4|" With Strand 31| 16 31] 30| 1 | 3,600 38 | 36 | 37.5 
5 584 430| 154 584 by | iy || oa 
6 1.397 261 725} 9 | 12 76| 649 725 23 12 | 15.8 | 0.45 
: : 50| 50 2) 48 60 3,200 33 
9 9 8 
Ota 14] 8 14] 14 44 
10) With Mt. View 95] 5| 4 6| 89] 0] 89 26 | 15 | 18.5 
11) 86,215) 1,608! 249] 5| 2] 56] 193] 0] 193 2.31 95 || 15 | 9264 \NOsby, 
12 180} §| 9| 14] 166) 14) 152 24 | 14 | 19.8 | 0.60 
13] 12,833} 3,107 OTe | ed 2} 25] 15) 10 0.58 60 | 32 | 38.5 | 0.28 
14 446) 1 54| 392 392 15: |) 12 14K 
15 2,172; 32) 3} 931] 1,241 1,241 14 ie 12 eeletans 
16| 14,065 518 3 2 2 1.08 58 | 48 | 55.1 
17| 1,309,272] 99,724) 276] 38] 4| 29] 247) 104] 143{| P55) [tas 37 | 34 | 36.5 | 0.30 
18 403] 1 111) 292 292 36 | 13 | 18.0 
19 S13], Pane =2) 5100) ©2183 213 18> |) 18" et479 
20) 351,167| 13,358] 3,582) 18 | 29 | 947] 2,635} 2] 3,580 1.96 98 | 12 | 17.5 | 0.65 
21; 44,282} 3,264 189] 16| 9 9] 187] 11] 178 1.15 26 | 21 | 26.0) 0.44 
22 330| 12 85] 245 245 || 5 | ye 
23 i) ae oat 4,294 47.4 
24 82} 9 7| 75 75 15, |e t2e) 1488 
25 5| 3 il ail al 48 | 38 | 44 
26}  3,307| 2,406 38| 13 SRleeeas 0.42 40 | 37 | 38.5 
27 239 Ome ete lie 301202 232 17 || 13> | 1635. 
28 121 121 6| 6 6| 6 3,600 SA One” 
29]  12,127| 4,160 46| 11 5| 41] 40; 5 0.55 38 35.4 
30 7| 4 iy Gl el 38 37.7 
31 34 1 34 34 93 | 23 | 23.5 
32 262 9 9 9 
33 173,155} 10,500] 307 | 76 | 3,060| 7,439} 409) 8,524 
34| 2,526 721 55 10} 45) 2) 53 1.37 43 | 18 | 28 
35| 58,906] 2,369 81 Tee ere sel) 79 1.43 Al |, 92) |) 83.07 
19 i iy 28 19 | 14 | 17 
37 3 : ti) 48 9 19 | 17 |18 | 0.84 
58; 6 64 20 8 | 10:3) 281 
a & 58 7 65 15 10 | 13.5) 1.5 
40 7s 14\ es 17 14 |. 13 * | 1859 
41 35 28 7 35 21 20 | 20.5] 4.4 
42 226} 1 3 99| 127 26 26 | 18 | 22.6] 1.6 
43 1,830} 149) 12 87| 62] 45) 2104 be | Et) RY 
Sim 28) aoe 
44/1 yo494] 1,742/{ 10) 1 a ss 30 | 27 | 30 
45 Gal Ge 2} 60 zr ae 
46| 5,508 725 13s eet fi Se) aig 34 au o 
47| 744,921] 37,127) 380] 35 106] 274} 120) 260 50 
f 48 dv isdet 4 4 24 
49 34 5 90) 34 33 DD laahl aliments 
50 3] 3 ll 2 3 8 8 3 
51 9 |, 0) 9 23 | 14 16 hie 
52 24 1) 23 24 28 | 24 
53 a 11 ll 31 | 18 29 : 
54 15 5110 15 26_| 26 | 26. 
1 Pump and gas lift. 


4 380 to 290 ft. 


5 Varies: 624; 


7188, 9240. 


252 DEVELOPMENTS IN CALIFORNIA OIL INDUSTRY DURING 1939 
TABLE 1.—(Continued) 
Producing Formation Deepen ene teats 
Depth, Avg. Ft. 
* : g 
= Name Age ee Top | Bottoms} § _ “ Name : 
5 & | 3, | Prod. | Prod. | ‘24 | 2 ‘sk 
5 8 z Zone | Wells | 4 > 2 Ad 
2 a8 32 | s a5 
4 5 1m Z nm Qa 
1] Chanac Pli 8 7,300 7,288 MF | Granite 7,928 
2| Etchegoin, Temblor, Vaqueros Pli-Mio S |15.1] 4,917 7,152} 5004 A | Eoc 9,682 
3 | Etchegoin, Temblor Pli-Mio Ss 800 874 y A | Mio 11,377 
4 | Stevens Mio 8 |20 8,250 8,297) 190 A | Mio 8,350 
5 | Etchegoin-Temblor Pli-Mio S |25 1,860 2,076 70 | AUP | Cre 9,418 
6 | Etchegoin, Sta. Margarita Pli-Mio 8 900 1,580 80 | MUP| Cre 4,833 
7 | Avenal Eoc S |22 6,400 7,440| 360 MU | Eoc 8,416 
8] Avenal Eoc S |25 8,100 8,208| 150 MU | Cre 9,614 
9 | Stevens Mio 8 |24 9,621} 100 | MU | Mio— 9,977 
10} Kern River, Temblor Pli-Mio 8 2,000 2,239) 125 MU | Granite 
11 | Etchegoin Pli 8 2,600 3,115 y A_ | Mio 8,404 
12 | Etchegoin, Chanac Pli Ny} one ote - MU | Schist 8,531 
: j 800; 3 
13 | Stevens, Vedder Pli S joo HiTao| 1780 ga} | AM | MioL 12,504 
14 | Etchegoin Pli 8 1,700 2,175 60 MF | Mio 2,650 
15 | Kern River Pili 8 400 837} 300 MU | Olig 4,852 
16 | Temblor Mio 8 7,563 7,825 y A | Mio 9,138 
17| Temblor Avenal Mio-Eoe | 8 |16 |{ ,:300| 8.236 Bt A | Boe 11,746 
18 | Etchegoin Pili § 1,170 1,204 80 A | Mio 7,858 
19 | Etchegoin Pli 8 800 1,107 90 MU | Mio 6,664 
20 | Etchegoin, Maricopa Pli-Mio 8 1,950 2,095; 100 MU | Mio 9,735 
21 | Chanac, Sta. Margarita Pli-Mio 8 5,140 5,589| 100 MF | Mio 8,419 
22 | Vedder Mio 8 |35 1,600 1,745 90 MF | Granite 3,130 
23 | Stevens Mio 8 |20 | 10,030; 10,175) 122 A | Mio 10,475 
24 | Etchegoin Pli 8 2,440 2,540 y MF | Olig 6,073 
25 | Stevens Mio 8 8,702; 600 | MU | Mio 10,120 
26 | Rio Bravo, Vedder Mio 8 11,249] 11,495| 220 A_ | Eoc 14,108 
27 | Etchegoin Pili 8 1,600 1,861 66 MF | Olig 6,070 
28 | Stevens Pli 8 8,250 8,325| 50 D | Mio 8,330 
29 | Stevens Pli 8 |22 7,850 8,216} 200 A | Mio 8,984 
30 | Vedder : : Pili § |18 13,100 | 13,143 32 A | Eoc 15,004 
31] Etchegoin, Sta. Margarita Pli-Mio 8 2,000 2,717 y A | Olig 11,004 
32 2,100 
33 
34 | Vaqueros, Sespe Mio, Oligh S 25 | 1,150/{ 5490|!305 | AF | Sespe 4,071 
35 | Monterey, Vaqueros, Sespe Mio, Olig] S 2,800 ne 320 AF | Eoc 7,157 
36 | Vaqueros Mio 8 1,960 2,003 45 MF | Sespe 4,730 
37 | Pliocene, Vaqueros Pli-Mio 8 400 876 me Sespe 5,041 
38 | Monterey Mio H 1,200 1,679} Fis A | Mio 3,900 
39 | Monterey Mio H 2,000 3,000| Fis A | Cre 7,199 
40 | Monterey Mio H 1,800 3,255| Fis AF | Vaq, Mio 6,510 
41 | Monterey Mio H 2,200 2,711| Fis A | Mio 4,310 
42 | Monterey Mio 8-H 1,100 3,175| Fis A | Sespe-Olig 5,815 
43 | Monterey Mio 8-H 4,000 4,488| Fis M | Franciscan 8,133 
44 | Repetto Pli 8 4,800} 5,872] 350 AF | Mio 6,566 
45 | Repetto Pli 8 2,500 3,842 A | Pli 7,291 
46 | Repetto Pli 8 5,500 7,042| 700 AF | Pli 10,030 
47 | Repetto Pli 8 3,450 6,6295) 3,000 Ae Pi 11,070 
48 tto Pli 8 4,795| 5,720 vy | MF | Mio 7,200 
49 | Sespe, Tejon Olig, Koc} § 500 888 y A | Eoe 6,804 
50 | Modelo Mio 8 2,905 y | MU | Mio 4,285 
51] Repetto Pili 8 240 800 y | MU | Jurassic schist 2,117 
52 | Repetto Pli 8 500 1,585 y MF 
53 | Modelo Mio 8 1,500 1,828 y A 2,200 
54! Modelo Mio 8 180 2,050 y 1,488 
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Area 
Proved, | Total Oil Production, Bbl. 
Acres 
Se 
: 0 
5 Field, County Dis- 
cove : 
z Seoul pene of During 1939 
a 
o 
a 
4 
OS} Newnhall-Potrero; 108 Angeles. oo .:c..00 sion Se vse cc tegaveesecstevsics 1937 200 671,754; 393,303 
56| Pico Canyon and Newhall, Los Angeles.............0.0ceeeeeeeeeee 1875 140 3 53,267 
DBC OSDES, VONEURER cc Wee at cis) Nek albeaia, S06, «Ghul sisi Sie ciatafomieelacus tenet 1887 289 3 104,976 
68 Shiells Canyon, Ventura .i.o5 sc ce cc cscs sie weenessude noe « PI Neh coos 1911 503 3 467,170 
BD sms IEDAE IV, ENBUT UR sise vel yolss esdlse alors Coates calnsuloie chat o(aracnvares shores De scaichayaied 1912 635 i) 35,125 
60 Sisar-Silverthread Wentura co -stotc ct 2s os wcicstee wofilon Deeee hs Grace ws 1885 330 3 44,930 
6L| South Mountain, Ventura. : oo. si eccec sistas oe 9 006 olen bia le pieces ye oats 1916 785 3 552,794 
62) Sulphur Mountain, Ventura: .cscc0-caeccetseccesocteesteserneces 1927 40 3 i211 
G3dieTano-Warekas. Venture svicc cae s leis hele tars oleae ajeless: vie'sisleiedple'y aisha were 1882 220 3 10,468 
64| Temescal, Ventura ................ a ert ie Cue to on tee 1924 120 3 225,237 
65) Timber Canyon, Ventura. ....... 002s cccree ees cne sence eeeeereeees 1885 110 3 10,606 
6G}, Fresno-Lion Mt Ventura’ .cieiies« scene vivioyele swisie ectelelaitieleiee aces le 1917 50 3 16,730 
Ori orrey Canyon, Ventura acacascs ete was aces sielee sisi viv elsie ce tieens ie 1896 140 3 50,097 
68] Wiley-Towsley Canyon, Ventura.............-.sseeceeseeeeeeeees 1887 28 3 5,478 
Orumr Coastal CouNTIES 
69| Edna, San Louis Obispo......... 00.2. e reece crete eee c seen eee ees 1929 729,578 15,681 
ZG PISMONSGN LOWS OUESDOL« se piek coe ares Glo cahaiss oleleln sles mwupicls’s 0 1928 200 83,113 14,370 
TL BalteMiGontB iy, Sai ALGO. ccc cee ce siyle crrieie v/sjeisrs/sleiieine aiae oe 6 1886 80 39,492 3,275 
Pel saemontey GN Chandan sists eieke ce fet asm ao ivek o sleieeeiey ela «nr sieke 1886 60 299,027 8,735 
Wo MC ORSRL DiBtriGhbOtAl wins. ticicsts 1 msthO eet Moises sisdeilececciiele «fa 519,913,122] 26,230,710 
P Los ANGELES Basin 
74| Alamitos, Los Angeles..........--.--seseene cece cess eect eeteeeees 110 23,289,026 574,129 
75| Brea Olinda, Orange........c00ceecee eevee 3 1,910] 163,816,880} 2,042,405 
76) Coyote-Bast; OTanges sas. .cc ee o> soe veins ies 1,314 79,737,091 53,701 
Ma @avote-W ests ONANIOs. «chia cle Qe clare ve sh eatelele|s is tua-> 984 80,842,989] 3,069,555 
78| Dominguez, Los Angeles 1,054] 114,116,130) 7,126,928 
79| El Segundo, Los Angeles 930 8,818,008] 1,156,454 
ROI Thuntington BD eaple Orange... cistiaciigyi-t'eis.c)e ets + .5/a16ye ere slolstora:sisheler sors 1920 2,240| 280,823,928) 9,947,211 
81] Inglewood, Los Angeles i wt Re Wt) Nets Gear (ers ae 1924 885| 116,439,027} 4,598,420 
Gdillawudale wins Angeles, 2.5 cc ee. do oc ce ois u's arois) joo esa/e\stahlate'e Gite oisale 1928 72 532,835 15,744 
83| Long Beach, GOA TCL OS Fede Aes ee ep teeta kev ele: sar agate Se enetore's 1921 1,600] 633,346,794] 16,794, 374 
84| Los Angeles DRtriOts 10s ANGELES. ae. elo bre siesta ees > inne 1896 1,650 65,664,746 182, 863 
85| Montebello, Los Angeles SeIE crate teats cactrate’h oilers ee tabaviers-<fteya sb aap reese 1917 1,743) 115,208,908 7,449,902 
86| Playa del Rey, Los Angeles... .........:.ccecece eee e te ee eee eenees 1929 599 44,738,280] 1,741,874 
BTAPEOUCTO; {E08 ANIOLESS. co ciss.< ville cle abo aie sldla Srieeiee? Ha eAineeesiae es 1928 120 2,886,903 400,517 
BS RICHIE, OFGNGE: scsi ic.ceie ze do eres ve vee esl sis:sjelaa nies annie e were oe 1919 1,300 88,878,423] 2,930,110 
89 Rosecrans-Athens, OR AIUICLER ata ice oe HER Ce ees octane as he ace 1924 762 40,568,760| 4,472,279 
90| Santa Fe Spring, Los Angeles... ......5. 0000s eee see ncece ca ceees 1919 1,630| 457,640,378] 10,055,317 
91'|\Seal’ Beach, Los Angeles... 40. cocee ies cceercewercrerstesdoaves 1926 260 61,577,900} 2,070,248 
92) Torrance, Los Angeles........000ccccsc cer eecnnencncceennareeeees 1921 6,905 97,148,734| 6,843,344 
93] Whittier, Los Angeles. .........-0ccccccctenesseneercrencerecenes 1898 495 18,059,801 358,096 
94] Wilmington, Los Angeles..........0-2 0c cece een een nent ee eeees 1936 4,400 79,241,270] 31,063,151 
Ob NOtherds Lag A NGeles.ce cae « « o1els = Geiss 274 0 ne) slalh'o wiciesa eleisie nelneeeeina’s a 3,525,335 401,007 
Gre har As POSITS COGBN cic ciy foie dis + Wis eiaipie ov ale chute ais cal slelaye efalp niga jules ¥-» 2,576,902,096| 113,747,629 
97| State total...... Bue i chasis ches wii, hve er at Ce eae eros weaayh ate 192,715] 5,380,669,317| 223,679,078 
Gas Fie.ps 
NortHERN GROUP Gas> B.t.u. 
OSI WarekAy FUME. < c)cicc-c sls es a8 cis aco rie ce tie siciris/slalsole\ieinjertie ns » «ee 1937 200 940 
99] McDonald Island, San Joaquin... ..... csr cscceesseeesensncsenseen 1936 1,500 965 
100) Potrero Hills, REET cote a OA. MS (eee ATEN eet enpe 1938 100 991 
101] RioVista, Solano and Sacramento.........++000seeeereeeeeeeeeeces 1936 9,000 1,040 
102} Sutter Buttes, Sutter........---.. ss eee e eect eeete nent eee e cence ees 1933 120 1,016 
103} Tracy, San J ousin ee te a Cau eth eee ailacduenes ety 1935 600 935 
LOSI WHOWS GLENT 6. oie cies cee cai oe pine ose ove asi efile me lepecelese wiaieieie.e.risiesels 1938 100 990 
105} Fair Field Keoils, ola tee Rime tiere Ratna hard a ceed gararaeegh wien 1939 150 
San Joaquin VALLEY 
106] Buena Vista Lake, Kern.......... 0. cece cece eect ence een e nen en eres 1934 1,050 1,000 
107| Buttonwillow, Kern. .......0.0 cece cece eee nee n cence nese eeeees 1926 1,700 985 
108| Chowchilla, Madera. ........0cccceeee cers eseccnteecensenseeres 1935 300 930 
109] Trico (Delano), Kern........+-+ see eeceeeeeeen reece reer eeeeees 1935 1,650 980 
L10) Semitropio, Kern... 00sec ces seer ents reste necruceeerereectiscnas 1932 3,750 980 


111] Goleta, Sia. Barbara... 2... cece eee eee eee tee 
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TABLE 1.—-(Continued) 


Oil-Produc- 
Total Gas Produc- t Reser- : 
tion, Millions Number of Oil and/or Gas Wells M Sera Pon Character of Oil 
Cut. End of 1939| sure. 
During | End of 1939) Number of Eb. af 
ae —_ 4 pee Ras) ic ee. 
= Gravity A.P.I. at 
S| ToEnd | During | 23 ~~ |2e Bas | ac 60°F, Weighted 
g| of 1939 | 1939 | BA] Bl e |¥ a) g Bm [ES Average e 
= OS Sales ale Sie 2 | 8 = |£3/83 50 
eo | 8 | 8 | SS\54! e |se | 2 elies ne 
2 6518 | 2 |e/85| § | 835) = | a= |88 $e 
3 OA | Se Ss eee aise eels B 
“BB 7 i\mony 0 35.) 33 | 33.3 
56 58 2 8 50 58 38 35 | 37.3 | 0.28 
57 32 4 16 16 32 36 28 35.1 
58 With So. Mt. 129 6 19} 110 12 117 SR| 33 33 33.3 
59 57 4 53 57 31 16 28.1 
60 77 7 70 77 24 15 18.5 
61 57,488 3,899 94 1 7 87 94 SR} 27 20 | 23.9 
62 2 1 1 2 16 15 15.5 
63 21 21 21 23 21 22.4 
64 13 2 13 13 24 21 22.0 
65 9 9 9 34 25 | 28.7 
66 17 1 16 17 23 20 | 22.7 
67 41 5 36 41 27 28 | 27.51 0.7 
68 15 15 15 27 20 23.6 
69 15 3 12 15 14 13 13.3 
70 4 4 4 22 
71 13 12 1 13 54 
72 9 9 9 13 
73 48,413) 1,908) 84 30 | 580) 1,328} 209) 1,699 
74 41 6 1 40 1 40 1.40 29 16 26.8 
75 55,282 1,496 421 2 5 124; 297 421 2.62 31 14 22.5 | 0.41 
76 47,108 2.701 | 113 3 i 29 84 2 lll 26 18 25 
77 F i 153 3 97 56 2 151 1.50)/SR| 31 24 28.9 
78| 187,185} 12,639 234) 16 1 64] 170} 37 197 RP} 35 28 30.4 
79 6,781 614 50 1 4; 46 50 3.20 29 15 21.8 
80} 289,885) 11,649 682) 23 25 112} 570 2 680 3.06 27 11 23.5 
81 85,465 2,954 289 2 70) 219 26 263 1.39 38 14 22 
82 y 5 1 5 32 26 29 
83) 842,381} 17,046] 1,257) 8 21 33] 1,224 1 1,256 4.68 32 12 25.1 
84 y 105 1 105 105 17 13 1357) 0 
85 47,546} 14,925 386] 128 7 56] 330) 148 243 1.06 39 13 30 
86 47,288 1,563 175 1 18 9} 166 175 24 ll 21 2.7 
87 y| 17; 3 1 17 a 10 1.56 48 33 43.9 
88 79,711 2,553 316} 3 4 16} 300 316 2.05 25 14 20.5 
89 97,065} 13,937 148) 31 5 10} 188 47 101 1.00 42 31 33.2 
90| 658,204 8,412 657 1 29 90) 567 1 656 3.29] RP| 38 28 32.5 
91 98,715 2,563 95 1 20 75 6 89 1.41] RP} 29 16 | 23 
92 69,946 6,212 746}. 70 | 27 57| 689 10 736 2.11 30 13 22 1.9 
93 y 176 1 1 23] 153 176 29 14 19 0.7 
94 39,705) 23,956 761) 174 2 22) 739) 504 257 1.14 28 13 21 2.5 
95 1,100 5 2 50 58 
96 124,320) 6,885) 470 | 158 845| 6,040} 785) 6,096 
97 1,394] 16,329 
Gas Fietps 
Gas¢ 
98 1 2 2 2,500 
99 13,389 7,956 6 
100 1 
101 11,629 6,768 1 20 1,825 
102 7] 319 1 4 
103 4,275 663 1 5 
104 1 
105 1 2 
106 2,244 794 6 
107 12,346 2,758 3 27 1,260 | 8.00 
108 
109 3,801 3,742 10 21 
110 1,416 372 2 22 
111 14,000 4 
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TaBLE 1.—(Continued) 


. . Deepest Zone Tested 
Producing Formation to End of 1939 
Depth, Avg. Ft. 
: d 
| Name Agee | Top | Bottoms} § - Name ' 
5 S | 8 | Prod. | Prod Ee 2 Sh, 
i, 2) isa) Zone.) eWeells 4), je a 3 ps 
E Pa: si | 3 a 
4 Slee 2 a ae 
55 | Modelo ‘) 6,160 6,977 7] AF 7,200 
56 ? 8 858 1,569 y A | Eoe 4,300 
57 | Sespe Olig $ 400 1,651 y A-S 3,595 
58 | Sespe Olig § 100 1,945 y A 7,423 
59 | Meganos Eoc 8 1,100 1,213 y A 
60 | Sespe Olig s 315 683 y MF 3,934 
61 | Sespe Olig s 2,200 3,362 y A | Koc 6,702 
62 | Modelo Mio Sy) 2,000 2,500} Fis ML | Mio 
63 | Sespe Olig Sia 00 995 y A 2,956 
64 | Modelo Mio S 2,000} 2,411] y | A 4.584 
65 | Repetto-Puente Pli-Mio S) 500 2,605 MF 3,300 
66 | Puente Mio iS) 844 1,044 ML 
67 | Vaqueros-Sespe Mio-Olig 700 1,363 AF 2,500 
68 | Modelo Mio 600 1,016 AF 4,400 
69 | Monterey Mio H 800 1,200 A | Schist 2,125 
70 | Monterey Mio Ny) 2,900 8 
71 | Purissima-Monterey Pli, Mio | SH 1,379 1,600 ML | Mio 7,982 
Kes Monterey Mio NS) 900 1,500 AF 
74 | Repetto, Puente Pli, Mio NI 4,635 5,810 | 1,825 AF | Mio 9,054 
75 | Repetto, Puente Pli, Mio | S 260 3,026] 800 AF | Mio 8,021 
76 | Repetto, Puente Pli, Mio | § 2,450 3,607| 153 A | Mio 9,084 
77 | Repetto, Puente Pli, Mio | S 2,800 4,471| 473 D | Mio 8,144 
78 | Repetto, Puente Pli, Mio | S 28 3,800 5,189 | 1,900 D | Mio _ | 10,435 
79 | Puente, Schist Mio, Jur.| S | Fis] 6,890 7,316} 100 D | Franciscan schist | 8,009 
80 | Repetto, Puente Pli, Mio 8 1,900 4,009 y AF | Mio ‘ 9,054 
81] Repetto, Puente Pli, Mio s 1,073 2,597 | 1,165 AF | Mio 6,466 
82 | Repetto, Puente Pli, Mio S 6,375 5,841 y MU | Mio 7,405 
83 | Repetto, Puente Pli, Mio i) 2,377 5,264 | 2,000 AF | Mio 10,157 
84 | Repetto, Puente Pli, Mio iS} 475 1,045 y AF | Mio 5,074 
85 | Repetto, Puente Pli, Mio § 1,730 4,422 Pais KX | Mio: — ’ 8,468 
86 | Repetto, Puente Pli, Mio S | Fis] 3,350 5,371 90 A_ | Franciscan schist | 7,048 
87 | Repetto, Puente Pli, Mio | S |29.4| 3,640 5,605} 400 AF | Mio 8,376 
88 | Repetto, Puente Pli, Mio § 2,900 4,057 | 300 A | Olig 10,496 
89 | Repetto, Puente Pli, Mio S {22 4,035 6,150 y AF | Mio 10,389 
90 | Repetto, Puente Pli, Mio | S 29 3,470 5,373 | 490 D | Mio 11,314 
91} Repetto, Puente Pli, Mio | S$ 4,314 5,441} 200 A |Mio | ; 9,054 
92 | Miocene Mio S |27.5| 2,687 4,220| 260 A_| Franciscan schist | 6,957 
93 | Repetto, Puente Pli, Mio 8 200 2,109} 270 | MUF| Mio | ; 5,040 
’ 94 | Repetto, Puente S |28 2,320 3,631] 423 AF || Franciscan schist | 6,814 
; 95 Ss 2,314 ‘ 
96 
97 
Gas Frevps 
98 | Repetto Pli SH |26 3,880 4,900| 110 A | Pli 7,708 
99 Cay Koc 8 5,178 5,216 38 D | Cre 8,810 
100 | Cretaceous Cre S 3,235 3,265 30 D |Cre 5,334 
101 | Domengine-Tone Eoc Sy) 3,800 4,344) 170 AF |Cre | 7,029 
102 | Cretaceous Cre $ 2,700 5,855 MU | Intrusive rock 6,900 
103 | Cretaceous Cre 8 3,926 4,070} 100 D | Cre 9,690 
104 | Cretaceous Cre S 2,345 2,360 10 D | Cre 6,014 
w 105 | Cretaceous Cre S 3,682 A | Cre 
106 | Etchegoin Pli i} 4,177 5,219| 223 A | Mio 11,186 
107 Dicken Pli iS} rete sing a Die eb 4,946 
108 | Eocene, Cretaceous Eoc, Cre} 8 { Re 81125 1 10} . oe se 
109 | Upper Pliocene Pli S 2,420 3,150 0 io i 
. 110 Caper Pliocene Pli 5 2,275 3,215 15 A | Mio 9,700 
ie aque cement ee eet Mio AB} at 4teg) 48] 285k | AR | Boo A Oe 
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the area prospected. The discovery well, Western Gulf-Texas’ K.C.L. 
No. 1, in the center of sec. 3, 32 S., 26 E., was brought in for 2200 bbl. of 
55.5° gravity oil and 15,000,000 cu. ft. of gas. The well is producing 
from 122 ft. of net sand, which has an average porosity of 20 per cent and 
an average permeability of 135 millidarcys. The top portion of this sand 
body is predominately a gas sand of very low permeability. Only the 
upper portion of the Stevens zone (Miocene) has been penetrated in this 
well and undoubtedly later completions will cut off gas sands and produce 
oil with a low gas-oil ratio from the lower Stevens zone, as is done in the 
adjacent Coles Levee field. There is considerable uncertainty as to the 
type of structure and the productive area. This field is on the extension 
of the Elk Hills uplift or on an echelon fold. 

Strand Field.—One mile northeast of the Canal field the Tide Water 
Associated Oil Co., in conjunction with the Continental Oil Co., dis- 
covered the Strand field when the Tide Water Associated Oil Co. brought 
in K.C.L. No. 35-E flowing 1306 bbl. of 34.1° gravity oil from the Stevens 
zone (Miocene) with bottom of hole at 8320 ft. The field has a closure 
of 100 ft. with an estimated productive area of 300 acres. The net 
average thickness of productive sand is 60 ft., its average porosity being 
22 per cent and permeability 330 millidarcys. 


EXTENSIONS AND DEEPER SAND DEVELOPMENTS 
San Joaquin Valley District 


Coalinga Nose Field—The Coalinga Nose field, which was the most 
important discovery of 1938, was subjected to an intensive drilling cam- 
paign during the year 1939. Development indicates that between 
2500 and 3000 acres will be productive, with an average sand thickness 
of 370 feet. 

Coles Levee and Richfield Western Fields —The Coles Levee field and 
the Richfield Western field (Tupman), which were discovered in Novem- 
ber 1938, have been rapidly developed during the year. Further devel- 
opment will be needed before it can be ascertained whether these two 
fields, which are contiguous, are on the same structure. Production is 
obtained in both fields from overlapping beds in the upper Miocene, on 
the east-plunging nose of Elk Hills. At the present time the Coles 
Levee field has an indicated productive area of 2400 acres and the Rich- 
field Western field, 700 acres. The ultimate productive area, if these two 
fields are on the same structure, will probably be more than 5000 
acres. 

Wasco Field.—The productive area of this deep field was increased to 
approximately 450 acres by the completion of George F. Getty’s Jansen 
No. 1 on the north end of the field, at a depth in excess of 13,000 ft., with 
only 32 ft. of net productive sand, 


ee 
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CoastaL District 


The most important development in the Coastal district during the 
year was the extension of the Ventura Avenue field, both to the north 
and to the east, at depths ranging between 8000 and 11,000 ft. This 
field has the greatest sand thickness of any field in California, its 3000 ft. 
of sand exceeding the Long Beach field, with its maximum thickness of 
2240 feet. 


Los ANGELES Basin DiIstTRICT 


Montebello Field (West).—More than a hundred wells have been com- 
pleted in this field during the year. Development indicates a productive 
area of about 600 acres. The Eighth, or deepest zone, which has had its 
greatest development during the year, has 100 ft. net thickness of sand. 
A gas cap occupies the higher structural portions of this field. As 
there is very little evidence of edge-water encroachment, this gas cap has 


TaBLe 2.—Summary of Drilling Operations in California 


Important Wildcats Drilled in 1939 


j Initial Pro- Pressure, 
Location duction per Lb. per 
Day Choke | 5a. In. 
ak Total or Bean, 
County Depth,| pore Pa ted | Drilled by Z| Frac- Remarks 
t. a 2 _ | tions of 
7 S 2 | an Inch 6 r) 
sl El g Fa |g g\2 
Bla la SA 15° 5 |e 
1| Fresno |17|198/16E | 8,237| Middle Eocene | Amerada Petr.| 4,230 |14.2 | 4464 | 2,000) 2,000 Discovery, N. 
Corp. : East Coalinga 
2| Kern...| 7|30S|26E | 8,320] Upper Miocene | Continental Oil) 1,042 | 0.62) 4 200] 200] Discovery, 
Co. and Tide Strand field 
Water Assoc. 
Oil Co. 
3| Kern.. .|16| 318|29E | 6,270] Chanac-Pliocene| TexasSuperior | 2,988 | 1.39/3964 and| 385] 385) Discovery, 
and Standard 5064 Mountain 
Oil Co. View South 
4| Kern...| 3| 32S |26E | 10,178] Upper Miocene | Texas Co. and | 2,246 {15 2444 |1,775| 2,450] Discovery, 
ae Gulf Oil Paloma field 
0. 
5| Kern.. .|28]11N |20W] 11,168} Oligocene Richfield Oil | Dry hole Deep test 
Co. Wheeler 
Ridge field 
6| Kern...| 7| 298 |24E | 11,506] Upper Miocene | Calif. Explor. | Dry hole Deep test 
Co. South Button- 
willow 
7| Kern...| 6| 30S |28E | 10,427] Oligocene Richfield Oil | Dryhole Deep test 
Co. Union Avenue 
8| Orange | 8} 48/10E | 8,977| Cretaceous Texas Com- Dry hole Y Anaheim 
ny 3 
9| Kern., .|12| 298 |25E | 11,510] Vedder General Petr. | 1,637 | 2.3 | 2464 | 1,700} 1,660) Extension of 
(Miocene) Corp. Greeley field 
10] Kern.. .| 1] 298 |25E | 14,018) Eocene Superior Oil | Dry hole Deep test Rio 
¢ Co. Bravo field 
11] Kern.. .|29| 298 }27E | 4,400) Pliocene Richfield Oil 127 On pump 8.W. Exten- 
Co. — Fruitvale 
e 
12| Kern.. .|14| 30S |26E | 14,051| Lower Miocene | Continental Oil) Dry hole Deep test East 
Co. of Ten Sec- 
tion field 
13| Kern...| 1| 328 |24E | 10,614) Miocene General Petr. | Dry hole Deep test East 
Corp, he B.V. 
ills 
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expanded very rapidly over the entire area of the field. In order to 
prevent underground and surface waste of gas, its production has been 
controlled by a court order under provisions of the California Gas Con- 
servation Law. A formula has been used in curtailment of gas, which 
gives approximately equal withdrawal of reservoir volume to all wells. 
At the present time, under this formula, oil production of the field is 
less than that allotted by the Oil Umpire. 

Wilmington Field——The Wilmington field had more well completions 
during the year than any other field in the state. Development of the 
tideland reserves by slant drilling has been very successful, and results 
indicate that this type of drilling may continue over a number of years. 
The present productive area embraces approximately 4400 acres, with 
an average sand thickness of 490 ft., and is believed to contain, at pres- 
ent, the largest oil reserves of any field in the Los Angeles Basin and 
ranks about third on the basis of ultimate production. 


CONCLUSION 


Owing to the tendency of lower allotments to new maximum wells 
and consequent increased time of payout of drilling expenditure, a 
decrease in all drilling activity is anticipated for 1940. 

The former need for increased reserves is now overshadowed by more 
necessary demand for present profits. Under the present system of 
curtailment, with the tendency of greater curtailment of large wells, 
giving less weight to potentials, reserves of oil in flush fields will have less 
present value because of the slower rate of withdrawal and greater 
deferment of revenue. 


TaBLE 3.—California Oil-field Development Table 


voar | SURBE | NOMBEE | amber | Nupber, | Eecentage Wells Daly Average, Hb 
Neier : (Phere Abandoned Read Tucreaaes 
Per Well Total 

1929 1,256 314 212 910 1,437 1,307,496 
1930 918 254 320 755 dies 775 584,521 
1931 329 238 iW gd 246 *67 1,481 364,434 
1932 279 191 172 184 *25 852 156,823 
1933 596 163 215 248 35 1,105 274,104 
1934 631 247 200 449 81 1,190 534,508 
1935 986 347 203 710 37 954 677,320 
1936 1,102 320 208 786 if! 471 370,227 
1937 1,643 313 273 1,156 47 560 647,331 
1938 1,162 265 252 994 *14 1,242 1,234,482 
1939 1,085 254 282 839 ALB 1,322 1,108,800 
(est.) 

ee a a Oa a eae EE) (EE ad eee | ieee AN oe Se 


4 Decrease starred. 
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Oil and Gas Development in Illinois in 1939 


By Atrrep H. Beii,* Memper A.I.M.E., anp Grorce V. CoHErt 
(New York Meeting, February 1940) 


In 1939 Illinois produced 94,302,000 bbl. of oil—almost three times 
the amount of oil produced at the peak in 1908, when development in the 
southeastern Illinois field was at its height (Fig. 1). It represents nearly 
a fourfold increase over the 24,075,000 bbl. produced in 1938 (Table 6). 


110 


100 10 er 
90 9 
80 + ores 
» 7 az 
ey an 
w wW 
c ica 
‘ A 
5 60 a6 
w uw 
te} ce} 
3 u” 
650 é 5 ES 
5 ° 
= 
z a) 
= 
40 4 2 
30 ce} | 
20 2 | 
10 \ | 
° ' ' ' 1 1 ° | 
1905 1915 1925 1935 1939 a 1937 —|— 1938 —|— 1939 —— 
ANNUAL MONTHLY 


Fia. 1.—PRopvcrion OF OIL IN ILLINOIS. 


This rapid increase in oil production in Illinois is largely due to devel- 
opment in the Salem and Louden fields (Table 1). During 1939 daily 
production for the state increased from 135,000 to 332,572 bbl. A 
notable increase in production for 1940 is expected as a result of the 
drilling of the Devonian limestone in the Salem and Centralia fields, 


Summarized at meeting; manuscript received at the office of the Institute, April 16, 
1940. Published with permission of the Chief, State Geological Survey, Urbana, 


Tilinois. 
* Geologist and Head of the Oil and Gas Division, Illinois State Geological Survey. 


+ Assistant Geologist, Oil and Gas Division, Illinois State Geological Survey. 
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260 OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1939 
TaBLeE 1.—Oil and Gas Production in Illinois 
Total Gas ; 
Area Proved, | Tota] Oil Production, | Production, Number of Oil and/or 
Acres Bbl. illions Gas Wells 
Cu. Ft. 
During End of 
1939 1939 
Field, County A 
To End of | Duri Me = 
: 'o End o! ing 3 pe 
Oil | Gas] “1939 1939 & ave. 
B. 2|3 3|2 S |5 
Z iF SS go Lee) ae wee 
2 38 Be | #lde|2lel8| 3B 
2 a4 OS 2 | 22| 2 |2|8| 2 IE 
Re ~ Se tS. | Saf ea ees eS 
1) Warrenton-Borton, Edgar |1906 100 0 29,655 625 0 0 22 0} oOo; 1 13 
2| Westfield (Parker Twp.), |1904 | 9,000] 55 z = z O | 1,624) 3) 33) 24) 326 
Clark, Coles 
3 850 75 z z £ 0 185 0} oO] y y 
4 9,000 0 = z z 0 1,446 2) O| y y 
5 1,500 0 2 z z 0 13 1; O} y y 
6| Siggins (Union Twp.), |1906 | 3,580 75 I < z 0 995 0} 51) 0} 863 
Cumberland, Clark 
rf 3,135 55 z z F 0 854 0} y| O y 
8 435 15 z z z 0 90 0} yi O y 
9 855) 105 z z z 0 192 0} yi O y 
10] York, Cumberland........ y 310 40 z z 2 0 70 0} oO} 0 44 
11] Casey, Clark...........- 1906 1,925 55 z = z 0 532 0} 0} O| 488 
12 190 15 z z 2 0 41 0} 0} 0 y 
13 400 0 z = z 0 82 0} Oo} 0 y 
14 1,525 15 z z z 0 319 0} 0} 0 y 
15] Martinsville, Clark....... 1907 710} 155 zi z x 0 213 0} 0} 0} 122 
16 15 20 z z z 0 7 0} 0} 0 y 
17 275 35 2 2 r 0 63 0} Oo} 0 y 
18 105 0 x z r 0 21 0} 0} 0 y 
19 170 0 x z x 0 34] 0] O| 0 y 
20 195 0 z z 2 0 39 0} Oo; 0 y 
21 5 0 z Ed 0 0 1 0} oO} 0 y 
22| North Johnson, Clark... .|1907 1,320 20 z z 2 z 485 0} 15} 21] 412 
23 1,115 0 z z 2 z 296 Oo} vl y y 
24 160 0 x z = z 32 0} vl y y 
25 820 5 2 z z = 177 0} yl y y 
26 215 0 x x 0 0 44 0} vl y y 
27| South Johnson, Clark.,...}1907 | 1,715 65 z = z & 535 1} 8| 0| 479 
28 185 5 z c = z 38 0} y| 0 y 
29 295 0 z 2 x 2 59 0} y| O y 
30 1,675 35 x r 2 2 402 1} yj} 0 y 
31 845 5 2 F x x 170} 0} y| O y 
32) Bellair, Crawford, Jasper |1907 1,300 5 z z a z 486 1; 9} O} 395 
33 1,165 0 x 2 = z 310 1 yt Ory 
34 315 0 z z z z 65 0) y| 0 y 
35 ’ 910 0 x z z 7 182 0} vy} O y 
36) Clark County Division! 19,960} 475] 52,388,000} 283,000 z vy | 4,987 5/116) 46) 3,142 
37] Main,? Crawford......... 1906 | 35,135} 515 2 x x z | 7,322}  0/198|243] 4,912 
38 340 0 2 z z z 68, 0} yl y¥ y 
39 33,795} 510 z x z a | 7,141 0] vl oy y 
40 i 0 z z x z 108} 0} yl y y 
41| New Hebron, Crawford... .|1909 1,350} 210 x z 2 z 297 Li By Th 178 
42| Chapman, Crawford...... 1914 1,045} 515 z x z x 193 0} 4) 0 68 
43) Parker, Crawford......... 1907 | 1,310} 30 x x z x 256; 0] O} O| 221 
44) Allison-Weger, Crawford. . 7] 1,075 20 x = a? ste 147 di" 90} 65 
45] Flat Rock,® Crawford..... y | 1,875] 545 r x z z 289 0} 6} 1) 143 
46] Birds, Crawford, Lawrence) y | 4,370} 115 z a 2 x 684 0| 14) 6) 459 


Cc ee — 


6 Footnotes to column heads and explanation of symbols are given on page 239. 
1 Total of lines 1, 2, 6, 10, 11, 15, 22, 27, 32. 
2? Includes Kibbie, Oblong, Robinson, and Hardinsville. 
3 Includes Swearingen gas. 
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TasBLE 1.—(Continued) 
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Oil-pro- A 
: Reservoir 
duction Reanare Gharacter . Deepest Zone 
Methods, Lb 2 : Producing Formation Tested to 
End of . per of Oil End of 
1939 | 94: Ins nd of 1939 
Number Depth, 
of Wells he Ft. 
a] R, 
8 | & 
#|3e 
&/a&8 Name Name 
& Z fe} I 
3 a} 5 | <3 | 2 % ; | as leel 2 we 
lor} ne = = 
z/2/2_| 4 |28|8) es \z8 Pieizleese| 6 (s6 
2/5/32| = |e] 8| ee (Bs 218] 2 leglSzlsel 2 a3 
Aiea Sa See es le 2/6/18 les (ge \e<| & an 
1; 0 13) = x z Unnamed Pen | S | Por] 159} 215} | ML| Pen 715 
2) 0} 326/200+ zr 34.0 |x See below D | Trenton |2,918 
3] 0 y| = x 30.0 |x Shallow gassand| Pen | § | Por| 281) 376/36 | D 
4, 0 yi & Eo 33.5 |2 Westfield lime | MisL| L | Cav} 334] 446) z D | St. Peter |3,009 
5] 0 y| = by 37.0 |x Trenton Ord | L | Por|2,265)2,568] 2 | D 
6} 0} 863) =z z| RP} 33.0 |z See below D | Devonian|2,010 
a0 vee fs 34.0 |x First Siggins Pen | S |Por| 367} 465) | D 
san 
8) 0 y| x Fd (33.6) "|x Second and third} Pen S |Por| 478] 562) x | D 
Siggins sand 
9} 0 y| 2 z (25.7) |x ou Siggins Pen S | Por| 556} 590] « D 
sani 
10] 0 44) « z (30.3) |x York sand Pen § |Por| 588] 680} « | AM 960 
11) 0} 488) z z| RP} 29.2 |x See below AM| MisL 808 
12) 0 y) 2 x (31.9) |a Upper gas sand | Pen S | Por| 263) 358} 2 | AM 
13] 0 yl @ z (30.1) |x Lower gassand | Pen S |Por| 309} 426] 2 | AM 
14] 0 y| 2 fo] (33.6) |x Casey sand Pen 8 |Por| 444) 505} 2 | AM 
15} 0} 122) z 36.8 |x See below D | St. Peter |3,411 
16; 0 y) 2 % y 2 Shallow sand Pen S | Por| 255) 411) a D 
17; 0 y) 2 ‘ y x Casey sand Pen S |Por| 449] 511) 2 | D 
18) 0 y| & x y z Martinsville MisL| L | Por} 477| 506) z | D 
19) 0 y| 2x x (38.9) |x Carper MisL| § | Por/1,3840/1,418) | D 
20| 0 y| = z y z “Niagaran”’ Dev | L | Por/1,553/1,596] x | D 
21) 0 y| = z (39.6) jz | Trenton Ord | L | Por|2,708}2,830) « | D , 
22) 0} 412) 2 x 31.0 |x See below AM| Mis 965 
23/ 0 y| 2 x y z Claypool sand Pen | S |Por| 416} 486) « | AM 
24| 0 y| 2 Fe y z Shallow sands Pen | § | Por| 314) 451) 2 | AM 
25) 0 y| 2 a y & Casey sand Pen 8 |Por| 465) 508} z | AM 
26] 0 hl ed x y 2 Upper Partlow | Pen | S | Por] 534) 554) 2 | AM) _ 
27| 0) 479) « z 32,2 |a See below AM| Mis 1,160 
28] 0 y| @ z y z Clay poolsand | Pen | §S | Por] 392} 549) « | AM 
29] 0 yl .& z y Fa Casey sand Pen S |Por| 453] 518} « | AM 
30} 0 i 2 x y x Upper Partlow | Pen | §S | Por] 489] 570) | AM 
31} 0 y| L 28.5 |e | Lower Partlow | Pen | S | Por| 598} 618) | AM) 
32} 0] 395) =z z| RP| 33. See below AM| MisL 1,471 
33} 0 y| « x (82.4) |x “500 Ft."’ sand | Pen S |Por| 561} 726) ¢ | AM 
34) 0 y| = z y £ “800 Ft.’’ sand | Pen 8 |Por| 817} 907) 2 | AM 
35) 0 y| = a (37.0) |x “900 Ft.’ sand | MisU|} S |Por| 886) 920) | AM 
36) 0} 3,142) « a 33.0 |x 338+ 
37| 0| 4,912)/425+ y| RP| 33.0 |x See below Trenton |4,620 
38} 0 y| = z y 2 Shallow sand Pen S | Por} 508} 822) 2 | ML 
39} 0 y| & x 32.8 |e Robinson sand | Pen | § |Por| 900/ 960|25+| ML] Trenton /4,620 
40) 0 y| x z y z Oblong Mis | §, L | Por |1,337)1,416] = a Mis ,479 
41) 0} 173) « z| RP| 30.1 |x | Robinsonsand | Pen | 8 |Por| 940] 975| + |ML|MisL — |2,056 
42] 0 68| =x a y & Robinson sand | Pen | § | Por! 995)1,015| | ML| Mis 2,279 
43) (0/221) = z y | |Robinsonsand | Pen | § | Por|1,000/1,025} + | ML| Pen 1,127 
44) 0 65] x 29.5 |x | Robinsonsand | Pen | § |Por| 912} 930) « | ML| Pen 1,041 
45} 0) 143° « 2 22.5 |a Se (Flat| Pen | S | Por| 935} 945) « | ML| Pen 1,032 
oc f 
46] 0) 459) 2 z| RP| 31.8 |z | Robinsonsand | Pen | S$ |Por| 930] 950) 2 | ML| MisL 1,731 


26 Pressures in the southeastern Illinois oil fields are estimated bottom-hole pressures reported in previous Survey publica- 
ear 1925 furnished by the Illinois 


tio’ 


ns. 
27 All gravities L mM ¢ 
Pipe Line Co. Gravities in parentheses are for particular samples; see Illinois State Geol. 


values have been converted from Baumé to A.P.I. gravities. 
* See footnote 27. 


given prior to 1936 (except those in parentheses) were from data for the 


Survey Bull. 54, Table 3. The 


262 OIL AND GAS DEVELOPMENT IN ILLINOIS IN 1939 
TaBLeE 1.—(Continued) 
Total Gas : 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells 
Cu. Ft. 
During End of 
1939 1939 
Field, County a 
To End of | Duri = = 
: ‘o End o} uring, 3 
Oil | Gas?) “i939 1939 g 3 
° a) & 13 
4 > se &\s 3 a = oA 
g S S Sie ee 3 a|¢| e |S 
z 38 Be | 2ldelelgisi sc 
; a2 Be | 5 | #8| 2 \2\8| BE 
a pH e7 1A [O7 1S [ale te a 
47| Crawford County Divi- 45,655] 1,945/144,682,000) 1,063,000 E y | 9,195 2|228/251| 6,041 
BODe rent ees 
48| Lawrence, Lawrence, 1906 | 24,150) 1,550 x z x z | 4,401 3| 23/116] 3,167 
Crawford 
49 5,015 35 z z F 4 = 1,232 1} yl y y 
50 2,240 0 z z x z 475 0} yl y y 
51 345) 1,095 x z z x 243 Oo} vl vy y 
52 15,960} 220 x z & z | 3,017 0} yl y y 
53 4,020} 200 2 z zx z 685 i; gi vy y 
54 6,950 0 E 7 x z z 958 1] yl y y 
55) St. Francisville, Lawrence y 420 0 z x 2 z 55 0; 0} 0 45 
56; Lawrence County Divi- 24,570| 1,550/224,436,000) 1,304,000 z y | 4,462 3} 23)116] 3,212 
sion® 
57| Allendale, Wabash....... 1912 1,680 0| 4,743,000 87,000 x y 427 0} 1) O} 325 
58 Total somiaeasiere 91,855| 3,970|426,278,655| 2,737,625 zr y |19,074) 10)368/413/12,720 
elds® 
59| Ayers Gas, Bond......... 1922 0} 325 0 0} 180.6) 13.6 19 0} 1) 0 0 
60| Greenville Gas, Bond..... 19107 0} 160 0 0} 990.0) 0 4 0} Oo} 0 0 
61| Bartelso, Clinton......... 1936 200 0 360,570) 107,000 0 0 39 3} 0] 0 39 
62 1939 10 0 3,000 3,000 0 0 1 1; 0] 0 1 
63] Carlyle, Clinton.......... 1911 915 0} 3,373,400 29,000 0 0 165 0} 0) 25 78 
64| Frogtown, Clinton........ 19188 300 0 x 0 0 0 12 0} Oo} 0 0 
65| Ava-Campbell Hill, Jack- |19179 70| 370 25,000 0 z 0 35 0; 0} 0 0 
gon 
66) Colmar-Plymouth, Mc- {1913 2,450 0} 2,551,970) 136,000 = vy 478 1] 0} 72) 210 
Donough, Hancock : 
67| Decatur, Macon......... 1937 10 0 1,000 0 0 0 2 0} oO} 2 0 
68| Carlinville, Macoupin. ...|19091 30 50 z 0 z 0 8 0} Oo}; 0 0 
69} Gillespie-Benld Gas, 192312 0 80 0 0} 1385.8) 0 4 0} 0; 0 0 
Macoupin ! 
70) Gillespie-Wyen, Macoupin|1915 40 0 x 0 0 0 22 0} Oo} 12 0 
71| Spanish Needle Creek Gas,}191518 0 80 0 0} 14.4) 0 7 0} Oo} 0 0 
Macoupin ; 
72| Staunton Gas, Macoupin |1916'4 0| 400 0 0} 1,050 0 18 0} O| 0 0 
73| Collinsville, Madison.... . 19091 40 0 850 135 0 0 6 1} 1} 0 0 
74| Brown-Languish Kuester- |1910 175 0 x 7] 0 0 12 0} Oo; 0 5 
Junction City, Marien 
75 f 20 0 x y 0 0 10 0} O| 0 4 
76| Sandoval, Marion........ 1909 770 0| 2,665,800 20,000 0 0 123 0} Oo} 0 37 
77 ; ; 1938 135 0 94,000) 794,000 0 0 22} 21) 0} 0 22 
78} Wamac, Marion, Clinton, |1921 250 0 403,530 21,000 0 0 104 0; 3) 0 43 
Washington 
79, Litchfield, Montgomery... .|187916 100 0 22,000 0 0 0 18 Lh Oe 0 


4 Total of lines 37, 41, 42, 43, 44, 45, 46. 
5 Total of lines 48 and 55. 


6 Total of lines 36, 47, 
7 Abandoned 1923. 

8 Abandoned 1933. 

® Abandoned 1934, 


56, 57, 


10 Wells drilled in jis22 and 1924, first production in 1987, 


11 Abandoned 1925+. 
12 Abandoned 1935. 
18 Abandoned 19384. 
M4 Abandoned 1919. 


15 Abandoned 1921, one well completed and abandoned in 1939. 
16 Abandoned 1904, one well completed and shut down in 1939. 
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which began in December 19389. This development has focused interest 
on Devonian possibilities in both old and new fields that are producing 
from younger formations. 

Of a total of 3675 wells completed in 1939 in Illinois, 2946 produced 
oil, 24 produced gas and 705 were dry holes. Of the total, 478 are classi- 
fied as ‘‘wildeat”’ wells, defined as wells drilled outside of proved territory 
and more than one mile from the nearest production. The remainder, 
or 3197, were drilled in or near proved fields. 


TABLE 1|.—(Continued) 


Oil-pro- R ; 
duction “ante Deepest Zone 
Methods, ee Ser ae Producing Formation Tested to 
End of | gq “Ths ee End of 1939 
1939 geese 
Number Depth, 
of Wells Avg. Ft. 
i &. 
S| & 
3s|So 
gS 3 FI Name Name 
oO} Hs g 
3 ae proton a\8 
E a ae | BH | See. B is is 345| we 
Z\ei2 |, |38|8| 33 [88 £1 BIE |2c "| 2 oy 
2|2|2| 8 |er|B| ae [Bs 2 | & | 2 lesiszlsel 2 aS 
Sie |ea| & |2e| a] S& ee Oa sg (Eo (cla (We ge am 
47) 0} 6,041/425+ Ba 32.3 |x i S | Por ML| Trenton |4,620 
1s 
48] 0] 3,167/650+ a| RP| 32.9 |x See below A | St. Peter |5,190 
49) 0 z y y he Bridgeportsand| Pen | § | Por], 800|1,000)40 | A 
50) 0 : x x y z Buchanan Pen | § | Por|1,250)1,265)15 A 
Slin 0 y| & x y x “Gas” sand MisU| § | Por|1,330/1,345)15 | A 
52| 0 y| 600+ x y z Kirkwood MisU| S_ | Por}1,400/1,480/30 A 
53] 0 y| 650 x y z Tracey MisU| S| Por|1,560/1,580/20 A 
54) 0 y| = x y x McClosky V MisL| L_ | Por|1,700)1,710)10 | A j 
55) 0 45) 600 x 37.3 |z Kirkwood MisU| S| Por|1,843/1,865/22 | ML] Mis 1,900 
56] 0] 3,212) 2x x St. Peter |5,190 
ede iN) BE ed a| RP| 35.1 Biehl sand Pen S | Por|1,425|1,460/20 | AM| MisL 2,367 
58} 0/12,720 
59} 0 0/335 225 Lindley (2d) MisU| S | Por] 940) 945) 5 A | MisL 1,150 
60] 0 () x Lindley (1st, 2d)} MisU| S | Por} 927] 993) A|Mis | 1,065 
61; 0 39| « z 36.2 |0.20) Carlyle MisU| S | Por| 984/1,008/24 D | Devonian|2,431 
62| 0 1) « z 41.5 |0.27| Devonian Dev | L | Por|2,416|2,431/14 | D | Devonian|2,431 
63] 0 WS) z| RP| 35.2 |0.26| Carlyle MisU| §_ | Por/|1,035/1,055/20 | A | Silurian |2,620 
641 0 0} z x 81.9 |a Carlyle MisU| S | Por| 950) 957| 7 D | Cypress | 962 
65| 0 0} z x x z Cypress MisU| S |Por| 780) 798/18 | A | Devonian}2,530 
66] 0} 210) 2 z| RP| 37.6 |0.38] Hoing sand Dev | S | Por} 447) 468/21 A | Trenton | 805 
39.5 |a “Niagaran”” Dey | L | Por|2,020|2,076/30 | N | St. Peter |2,991 
63 0 01135 27.7 Na Unnamed Pen | S |Por| 380} 398] « | A | Pen 410 
69] 0 0) 155 z Unnamed Pen | S |Por| 542) 555] « | A | Pen 575 
30.0 |« Unnamed Pen | S |Por| 650] 670) « | T | Trenton |2,560 
in . . & at Unnamed Pen | S |Por| 305} 405) « | D | Pen 495 
Unnamed Pen | S |Por| 461} 491) = A | Trenton |2,371 
Z . a me) & £ Devonian- Dev- | L_ | Por/1,305/1,400/20 | L | Silurian |1,500 
Silurian Sil : 
74| 0 5] « x 32.0 |a Dykstra, Wilson] Pen | S | Por|1,130)1,150)20 D | MisL 2,001 
32.0 Cypress MisU| § | Por |1,658'1,673,15 | ML] Devonian}3,344 
16 0 . 37 e a 34.5 |e | Benoist MisU| § | Por|1,540/1,560 20+| D | Devonian)3,055 
77| 3 19) y y 38.0 |0.38] Devonian Dev | L | Por|2,924 2,969] 9 D | Devonian!3,055 
78| 0 43) a x 30.2 |x Petro Pen | § |Por| 720] 76020 | D | MisL 1,760 
OO sme Olle 2 21.7 |x | Unnamed Pen | § |Por| 664) 674| ¢ | D | Pen 681 
ee ee eS 
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TABLE 1.—(Continued) 
Total Gas ’ 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells 
Cu. Ft. 
During End of 
1939 1939 
Field, County 2 
To End of | Duri ic a 
: ‘o End o} ing Zz = 
Oil | Gas} “1939 1939 te B| . % 
& 83 = 
BS pe 3 | So |S 
g 5 ie EA Oe Bla] 2 ly 
z, S =} bo 3 S |s 
A af ag |= |as|elgle| i 
A= | 34 of A So" 3 
4 > = ‘s) Ol4lae) & Ix 
80] Waterloo, Monroe........ 192017 125 0 176,000 10,000 0 0 30 7} 0} 0 7| 0 
81] Jacksonville Gas, Morgan |19108 30) 1,290 ay 0 z 0 53 0; O| 0 0| 0 
82] Pike County Gas, Pike. . .|190519 0) 8,960 0 z 0 68} 0} 0} 0 0} 0 
83 + eg Randolph........ 188820 65 r 0 z 0 20 0} Oo} 0 0) 0 
84! Dupo, St. Clair. . 1928 670 092, 870 146,000 0 0 263} 21) 1) 0 49| 0 
85 ‘Toad ob fields prior ‘to 98,095|15, 785 437 750,745) 4,003,760) 2,370.8) 13.6/20,617| 66/374)523|13,215| 6 
an. 
86] Sorento, Bond Seseraalerereens 1938 10 0 y y 0 0 1 0} Oo; 0 1/0 
87) Flora, Clay..............|1938 290 0 214,000) 147,000 0 0 17 8} 0}; 0 17| 0 
88 10 0 z = 0 0 1 1} 0} 0 1; 0 
v 89 290 0 z z 0 0 16 7) oV-é 16| 0 
OO) Tola, Chay ance 2 ttn y te 20 0 y y 0 0 2 2} O| 0 2) 0 
¥ 91] Clay City, Clay, Wayne. . 1837 7,930 0} 11,895,000] 6,336,000 0 0 379] 157) 4| 6] 369) 0 
92) Hoffman, Clinton........ 1939 10 0 y y 0 0 1 1; 0} 0 110 
93] Centralia, Clinton, Marion|1937 | 2,190 0} 5,922,000] 2,895,000 0 0 553} 27/ 14) 0] 539] 0 
94 30 0 z 2 0 0 21 9} O| 0 21) 0 
95 2,190 0 z= z 0 0 531} 17) 14] 0} 517) 0 
96 10 0 x z 0 0 1 1; 0} 0 110 
97| Mattoon, Coles.......... aig 10 0 y 7] 0 0 1 1} 1) 0 0) 0 
98] Cowling, Edwards........ 1939 100 0 25,000 25,000 0 0 11} tl! oN 6 11/ 0 
99] Grayvi e, Ries, ig. 1939 70 0 30,000 30,000 0 0 8 8} 0} 0 8| 0 
100] Louden, Fayette. . .»|1937-| 16,370 0} 20,237,000}18,345,000 0 0 1,334) 843} 3) 2) 1,329] 0 
101 0 z z 0 0 630} 377) 3) 0) 627) 0 
102 y 0 2 r 0 0 283} 265; 0} 0} 283 
103 ‘ y 0 x z 0 0 421; 201] 0} 2) 419) 0 
104] St. James, Fayette. . neena 1938 1,030 0 494,000} 445,000 0 0 76| 52) O| 0 76| 0 
105] Whittington, Franklin... .|1939 10 0 y y 0 0 1 1} 0} 0 1); 0 
106] Junction, Gallatin........ 1939 60 0 vy y 0 0 6 6} 0} 0 6| 0 
107] Cravat, Jefferson........ 1939 100 0 14,000 14,000 0 0 6 6} 0} 0 6} 0 
\ 108 Dix, Jefferson........... 1938 1,250 0 y y 0 0 57; 22) O| 0 57| 0 
109} Elk Prairie, Jefferson..... 1938 10 0 y y 0 0 1 0} 0} 0 1/0 
110) Ina, Jefferson........... 1938 10 0 y y 0 0 1 0} Oo] 0 1;/0 
111| Marcoe, Jefferson........ 1988 10 0 y y 0 0 2 hr ih. 0 1; 0 
112| Roaches, Jefferson....... 1938 110 0 70,000 70,000 0 0 9 7; 0} O 9| 0 
113 y 0 2 z 0 0 4 3} 0; 0 4/0 
114 : 110 0 z z 0 0 5 4; 0} 0 5) 0 
115| Russellville gas, Lawrence |1937 0) 1,020 0 0} 1,065. 1/963.7 32} 18] 0} 0 0|32 
116 0 20 0 0 y 7] 4 2} 0} 0 0) 4 
117 ‘ 0} 1,000 0 0 y y 28; 16) 0} O 0|28 
118] Patoka, Marion.......... 1937 720 0} 1,661,000} 494,000 0 0 115 0} 11} 0} 104) 0 
119 710 0 z F 0 0 114 0} 11) 0} 103) 0 
120 0 10 0 x s 0 0 1 0} Oo} 0 1,0 
121] Salem, Marion........... 1938 8,870 0} 52,619,000/49,724,000 0 0 1,581|1,088} 4] 17) 1,560) 0 
122 y 0 2 z 0 0 884} 442) 4] 15) 865] 0 
123 y 0 z x 0 0 141) 120} 0) 0| 141) 0 
124 7] 0 z x 0 0 544) 524] 0] 2) 54210 
125 y 0 F z 0 0 5 &| O} O}') 66) 0 
126 : J y 0 z 2 0 0 7 7; 0} 0 7| 0 
127] Tonti, Marion........... 1939 270 0 910,000} 910,000 0 0 35] 35) 0} 0 35] 0 
128 y 0 x z 0 0 4 4) 0|} 0 4,0 
129 vy 0 z x 0 0 4 4; 0} 0 4/0 


17 Abandoned 1930, revived 1939. 
18 Abandoned 1937. 
19 Abandoned 1930. 
20 Abandoned 1900. 
21 Total of lines 58 to 81 inclusive. 
22 Abandoned 1939, 


es 


~ 
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TaBLE 1.—(Continued) 


oe eee eee 
dantion Reservoir S 
essur eepest Zone 
Methods, ANG e Character Producing Formation Tested to 
End of . per of Oil 
1939 Sq. In.26 End of 1939 
Number 
of Wells fee 
3 Le 
S| 
| 3g 
a| 3s Name Name 
5 ~o || me alg 
Alt & | <8 | 2 P 4 |ofldel 2 me 
zlfis | (381 3| $38 (88 2/3 /2 .) 8° \e=| 8 ae 
2/2/$8| 2 |sc| 6] Be Ss » | 2 | 2 /eglSzieel 3 a3 
Ble|s4| 8 22/8 | o* ae 2/6 |é Sia" (2<| & ar 
80} 0 7 ¢ zt 30.0 |z Trenton Ord L_ | Por} 410} 460/50 A | Trenton | 845 
81) 0 0} 2 z x z Gas sand Pen |S, SL] Por} 330) 335) 5 | ML| Trenton {1,390 
82) 0 0) a x “Niagaran” Sil L | Por| 265) 275/10 A | St. Peter| 893 
83} 0 0) z z g z Cypress MisU| S | Por] 850) 857| 7 D | MisU 985 
84) 0 49| x 32.7 |0.70) Trenton Ord | L | Por} 601) 651/50 A | Trenton | 819 
85) 3/18,212 
86| 0 1] 2 x x z Devonian Dev | L_ | Por}1,800/1,830) y | D | Devonian|1,830 
87} 0 17 D | MisL 3,100 
88) 0 1) x 37.4 |x | Bethel ; MisU | S | Por |2,788/2,800) 12 
89) 0 16] « z 38.5 |x McClosky ~ MisL| L_ | Por|2,965/2,978) 6 
90} 0 2) e £ z ux Vases MisU| S | Por|2,335/2,351) 4 | D | MisU 2,383 
v 91) 5) 364) z| PM} 38.5 |z McClosky ~ MisL| L | Por|2,995/3,058] 9 | A | MisL 3,197 
92) 0 1| x x zt | Bethel MisU| § | Por|1,324/1,329} 5 | D | MisL 1,567 
93} 0} 539 : A | Devonian|2,933 
94) 0 21) « x 36.4 |a Cypress MisU| S_ | Por/1,200)1,225)19 
95} 0} 517| « z 37.4 |a Bethel MisU} S_ | Por|1,355)1,378)23 
96) 0 1) @ z a z | Devonian Dev | L | Por|2,884/2,933) 8 
97) 0 0} z x 44.1 |0.16| Cypress MisU}| S | Por|1,835)1,919/25 | A? | Devonian|3,307 
98} 0 11), :2 z 37.0 |0.38] Cypress MisU| S| Por|2,626)2,640)15 | D | MisL 3,175 
99; 0 8| 2 x 36.0 |0.31) McClosky MisL | L_ | Por/3,093/3,188} 6 | D?| MisL 3,269 
100/361] 968 PM ; Devonian|3,170 
101/122} 505] z 472 38.5 |0.25} Cypress MisU| § | Por|1,493/1,549)25 
102) 96} 187] zx 406 38.5 |x Stray MisU} S_ | Por|1,546)1,571)17 
103)143| 276) « 474 38.5 |r | Bethel MisU| S_ | Por/1,540/1,561/18 ; 
104] 0 76) x 500 37.0 |0.31| Cypress MisU| S_ | Por|1,581/1,600/16 | A | Devonian|3,375 
105} 0 thie 2 a. 40.0 |a MoClosky and | MisL| L_ | Por|2,869/2,878) 9 | D | MisL 3,068 
osiclare 
106} 0} 6) z x 37.2 0.22) Waltersburg | MisU| S | Por|1,763/1,804)15 | D | MisL = 2,711 
107} 0 6| a x 36.0 |a Bethel MisU| 8 | Por|2,066/2,076)11 | D | MisL  |2,356 
108} 0 57| = 495} PM| 38.0 |z | Bethel MisU| S_ | Por|1,948/1,959)14 | A | Devonian|3,650 
\109} 0] 1) z x z |z | McClosky MisL| L | Por|2,718/2,751) 7- | D | MisL — {2,958 
110} 0 1) z x z 2 St. Louis MisL| L_ | Por|3,002/3,007/ 5 | D | MisL 3,064 
111) 0 1] z z 28.0 |x | McClosky MisL | L_ | Por|2,746)2,765)11 | D | MisL 3,066 
112} 0 9 ; D | MisL 2,285 
113) 0 4) 2 z 37.0 |¢ | Rosiclare MisL| S_ | Por |2,187/2,200)14 
114; 0 5] 2 z 37.0 |z McClosky MisL} L_ | Por /2,241}2,257| 8 d 
115 380+] 335 ; A | Devonian/3,133 
116 y y Pennsylvanian Pen S |Por| 619} 831/12 ! 
117 y y Buchanan Pen | S§ | Por|1,078/1,119/10 , 
118} 0} 104 A | MisL 1,702 
119} 0} 103) z cy 39.5 | | Bethel MisU| 8 | Por|1,424)1,440/16 
120) 0 1) « x 40.9 jz | Rosiclare MisL| § | Por{1,562/1,612)33 : 
121/260) 1,300 PM ’ A | Devonian|3,502 
122/183) 682} z 272 39.0 |0.22) Benoist MisU | 8 | Por/1,797/1,835)35 
123] 11) 130) 335 38.6 |0.21| Aux Vases MisU| S$ _ | Por|1,813/1,865/28 
124] 57) 485) zx 360 39.0 |x McClosky / MisL| L_ | Por|1,975|2,048/17 
125} 2 5) 2 250 37.2 |z Salem MisL} L | Por|2,177|2,254)17 
126) 7 0} « Eo] 42.1 |0.28) Devonian Dev | L | Por|8,343/3,441/30 ; 
127; 0 35 D | Devonian|3,547 
128) 0 4| x x x Bethel MisU| § | Por/1,928)1,942)14 
129) 0 4) % 37.0 |z Aux Vases MisU| S_ | Por|2,003/2,038/26 
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TaBLE 1.—(Continued) 


Total Gas ; 
Area Proved, | Total Oil Production, | Production, Number of Oil and/or 
Acres Bbl. Millions Gas Wells 
Cu. Ft. 
During End of 
1939 1939 
Field, County = 
To End of | Duri E a 
: o End o} uring 3 Fe 
Oil | Gas? | “1939 1939 a Ligee 
8 2 2 2 a 5 & 
E B 3s JS 12 131s) si299 
2 33 Zo |2|#e/ 2/218! 2 |g 
: a eg} =| ee| 2 \e|2) 2 i 
is ia) a! 1a for eS. feces) ees 
130 270 0 x E 7 0 0 27| 27] O| 0 27| 0 
131] Fairman, Marion, Clinton |1939 160 0 y y 0 0 11} 11} 0} 0 11| 0 
132} Dundas, Richland........ 1939 400 0 y y 0 0 18] 18} O| 0 18| 0 
133] Noble, Richland......... 1937 3,540 0} 6,852,000] 1,674,000 0 0 220} 69] 8] 2} 210] 0 
134 920 0 z zi 0 0 49} 43) 0} 1 48) 0 
135 2,620 0 x x 0 0 171} 26] 8} 1) 162] 0 
136] Olney, Richland.......... 1937 510 0 753,000} 338,000 0 0 36 6} 0} 0 36| 0 
137) Schnell, Richland........ 1938 40 0 y y 0 0 4 0} Oo} O 4| 0 
138] Stewardson, Shelby....... 1939 10 0 y 0 0 1 1} 0} O 1/0 
139| Griffin, Wabash.......... 1939 690 0 169,000} 169,000 0 0 47; 47! 0] 0 47| 0 
140 fy 0 Ey z 0 0 4 4; 0} 0 4| 0 
141 y 0 z x 0 0 41| 41] 0} 0 41) 0 
142 y 0 r x 0 0 2 2} O| 0 2| 0 
143] East Keensburg, Wabash |1939 10 0 y 7] 0 0 1 1] OF 0 1,0 
144) Keensburg, Wabash...... 1939 700 0 783,000} 783,000 0 0 120} 120} 0} 0} 120) 0 
145 y 0 zr x 0 0 0} 0 3} 0 
146 y 0 x 2 0 0 117} 117} 0} 0} 117| 0 
147) Mt. Carmel, Wabash... .. 1939 20 0 y y 0 0 2} 0} 0 2) 0 
148] Cordes, Washington...... 1939 1,090 0 468,000) 468,000 0 0 95} 95) 0} O 95| 0 
149| Dubois, Washington...... 1939 10 0 7] 0 0 1 1} 0} 0 1,0 
150} Barnhill, Wayne.......... 1939 750 0 593,000} 593,000 0 0 41) 41) 0} O 41) 0 
151| Boyleston, Wayne....... 1938 450 0 218,000} 218,000 0 0 25] 24; O| 0 25] 0 
152) Cisne, Wayne.’ .'..ae0nes 1937 960 0 y y 0 0 47; 21) O} 1 46) 0 
153 y 0 x x 0 0 2 0} 0} 0 2) 0 
154 y 0 x x 0 0 1 1} 0} 0 1| 0 
155 960 0 x x 0 0 44) 20) 0] 0 44) 0 
156| Enterprise, Wayne....... 1939 1,450 0} 1,269,000] 1,269,000 0 0 50} 50} 0} 0 50) 0 
157 y 0 x x 0 0 1 1) 0} O 1/0 
158 1,450 0 * x 0 0 49| 49) O| 0 49} 0 
Goldengate, Wayne...... 1939 30 0 7] y 0 0 3 3} 0} 0 3] 0 
eech Twp., Wayne...... 1938 240 0 105,000 96,000 0 0 9 a Of 70 9| 0 
Mt. Erie, Wayne......... 1938 10 0 uv v 0 0 1 0} 0}; 0 1/0 
North Aden, Wayne...... 1938 1,230 0} 1,030,000} 725,000 0 0 60) 20) 0} 0 60) 0 
Rinard, Wayne.......... 193728 10 0 y y 0 0 1 0} 1} 0 0| 0 
South Mt. Erie, Wayne. . .|1939 10 0 y y 0 0 1 1} 0} 0 1} 0 
Aden, Wayne, Hamilton. .|1938 200 0 7] y 0 0 5 Lt Or 0 5} 0 
Calviny White... seis erent 1939 20 0 7] y 0 0 2 2] 0] 0 2| 0 
10 0 x x 0 0 1 1} 0} 0 1, 0 
10 0 x x 0 0 i 1] 0} 0 1,0 - 
Mill Shoals, White....... 1939 400 0 127,000} 127,000 0 0 22; 22) O| O 22) 0 
Yy 0 x x 0 0 13} 13) 0} 0 13] 0 
400 0 x x 0 0 9 9} O| 0 9} 0 
New Harmony, White... .|1939 130 0 v y 0 0 Oy Alt OO 11) 0 
120 0 « x 0 0 10; 10) 0} 0 10| 0 
, 10} 0 x 7} 0 | O 1] 1 o| of 1,0 
Phillipstown, White...... 1939 20 0 vy y 0 0 2 2} 0} 0 2| 0 
10 0 x z 0 0 1 1) O} 0 1| 0 
10 0 x E 7 0 0 1 1! Oe 0 1\ 0 
Stokes, White: SFE se 1939 140 0 60,000 60,000 0 0 7 7| O| oO 7| 0 
Storms, White..2y....... 1939 510 30 31,000 31,000 = 2 17; 17) O| O 14| 3 
- — = tree after?4 53,190) 1,050) 113,548,000 90,299,000) 1,065. 1/963.7| 5,089/2,906] 47} 28] 4,979|/35 
an, 1, 
Total for Illinois”. . . aiid ili Bi 1:208.000 04,908,000 8.485..8 Bide aa 421|551)18,194/41 
———————— eet 


23 Abandoned 1939. 
24 Total of lines 86 to 179 inclusive. 
25 Total of lines 85 and 180. 
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COHEE 


Oil-pro- R : 
duction CeeLyOn: 
Methods, | Pressure, Character ; : Deepest Zone 
Ted ot” Lb. per crOn Producing Formation Tested to 
1939 Sq. In.26 End of 1939 
Number De 
pth, 
of Wells Avg. Ft. 
3s R, 
S| & 
2 | > 
Paes aep 
a| es Name Name 
mt oO} ae a 
3 Lec) = Ay <a a| 3 
ees &_|5| <3 |< Slee. Woe l + wa 
a\ele-7—4 |38| 2) $426 S| 2/2. |85\2=| 2 ape 
glieteses |S || & | bea laa : a ei Ba Sa) a ale 
s/6/$3/ 8 | eu] Be] a2 (as ® Sl) Che Biles Silso il aS 
Simi | 2/25] | o> la* 2/6 | [eS |e" l2-| 2 an 
130} 0} 27) « x 39.4 |0.21) McClosky MisL | L_ | Por |2,134/2,165)12 
131} 0 11] « x & zt Bethel MisU}| § | Por|1,433/1,440) 7 D | MisL 1,718 
132] 18 0} zx |1,100 x x McClosky MisL| L_ | Por|2,842/2,909]13 A | MisL 2,980 
133) 0} 210 A |MisL [8,201 
134] 0 48) 2 x 35.0 |x Cypress MisU| S | Por |2,544/2,639}17 
135} 0) 162) z z 40.0 |x McClosky MisL| L_ | Por |2,957/3,003)10 
136) 0 36) x 25 40.0 |x McClosky MisL | L_ | Por|3,052/3,073] 9 A | MisL 3,222 
137) 0 4) 2 x 38.5 |r McClosky MisL| L_ | Por|3,012/3,068) 6 D | MisL 3,120 
138] 0 1) « x 37.8 |0.18| Aux Vases MisU| S_ | Por|1,942/1,969] 5 D | MisU 1,969 
139] 2} 45 A|MisL — |3,058 
140) 0 4) x x 38.0 |z Pennsylvanian Pen S | Por/1,719)1,728}11 
141) 2 39| = x 38.0 |x Cypress MisU| S_ | Por|2,444)2,480)15 
142) 0 PAR et) & 34.8 |a McClosky MisL | L_ | Por|2,793}2,881|13 
143] 0 1] ¢ x a x McClosky MisL| L_ | Por|2,703)2,714) 6 | D | MisL 2,714 
144; 0} 120 A | MisL 2,880 
145) 0 all Ye z z £ Palestine MisU} S| Por|1,819}1,835)16 
146] 0} 117) « x 38.6 |0.29| Cypress MisU| S_ | Por|2,433}2,454/17 
147) 0 2| « x & x Tar Springs MisU| § | Por|2,793/2,881/15 | D | MisL 2,556 
148] 0 95) 2 z 37.4 |0.19] Bethel MisU| S| Por|1,259)1,285/17 A | MisL 1,550 
149) 0 Bh a x z z Bethel MisU| §_ | Por/1,359/1,370)11 | D? | MisU 1,370 
150} 11 30) zx z 42.0 |x McClosky MisL| L_ | Por|3,385/3,412/11 A | MisL 3,523 
151) 1 24) ax 50 40.2 |0.14| McClosky MisL| L_ | Por|3,236/3,277|/10 | A | MisL 3,384 
152) 2 44 A | MisL 3,273 
153) 1 Pier £ Bical |ker Aux Vases MisU}| S| Por |2,982/3,029/13 
154) 0 1] z x x x Rosiclare MisL| S_ | Por|3,010/3,160] y 
155} 1 43) 75 38.5 |% McClosky MisL| L_ | Por /3,121/3,178} 9 
156) 4 46 A | MisL 3,160 
157} 0 1) 2 x x r Aux Vases MisU| §_ | Por|2,929}2,957|16 
158] 4 45) =. 100 x hy, McClosky MisL| L_ | Por{3,049/3,114)12 
159} 0 3] « @ 2 x McClosky ¥ MisL| L_ | Por|8,377/3,399| 7 D | Devonian|5,645 
160} 0 9| «a x 34.4 |0.18| McClosky MisL| L_ | Por|3,413/3,453)11 D is 3,485 
161) 0 1] x 38.5 |x McClosky MisL| L_ | Por/3,080|/3,092} y | D | MisL 3,135 
162} 20 40] x 40 40.0 |a McClosky MisL| L_ | Por |3,321)/8,341/12 A | MisL 3,502 
163} 0 Ohara a 38.5 |x McClosky MisL| L_ | Por|3,144/3,154) 5 D | MisL 3,154 
164; 0 th w x x McClosky MisL| L_ | Por|3,129/3,206)11 D | MisL 3,206 
165] 2 83] 2 2 40.0 |x McClosky MisL| L_ | Por|3,287/3,337| 7 D | MisL 3,460 
166] 0 2 D | MisL 3,201 
167) 0 ils ga e E az Bethel MisU| S | Por|2,711/2,721) 9 
168) 0 Le x x 3 McClosky MisL| L_ | Por|3,191/3,201) y . 
169] 1 21 A | MisL 3,520 
170} 1 PAN ee £ 39.8 |0.14| Aux Vases MisU| S| Por|8,221/3,290)10 
171; 0 9 « x 38.0 |0.16) MeClosky MisL.} L_ | Por |8,316/3,391)14 f 
172) 0 ii A? | MisU 3,074 
173) 0 10| x 820 39.6 |a Waltersburg MisU| S| Por|2,147|2,268)17 
174; 0 ee x 38.9 |x McClosky MisL| L_ | Por|2,998/3,017/10 ; 
175} 0) 2 A | MisL 3,025 
176} 0 Bea a 39.4 |x Aux Vases MisU| S_ | Por|2,942/2,964 
177| 0 Sls eat z 37.6 |x | McClosky MisL| L_ | Por |2,955|2,961)10 d 
178} 0 Mili ck 50 2 x McClosky MisL| L_ | Por 3,077)3,124|12 A | Misl, 3,150 
179| 14 Oheee, & x g Waltersburg MisU| S_ | Por |2,235)2,272,18 A | MisU 3,089 
180/701) 4,278 
181) 704) 17,490 
po ee eee eee 
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Of the 478 wildcat wells 30 were successful in discovering oil or gas in 
commercial quantities, either new fields or extensions of old fields. The 
results of an investigation to ascertain the reason for the locations of as 
many as possible of the wildcat wells are set forth in the following table: 


Total | Suc- 
Num- | cess- 


Reason for Drilling 
ber ful 


Geology and geophysics.| 173 | 24 
Geochemical............ Let eG geophysicalinformation| 239 | 6 


Unknowns = geen 


Economic DATA 


On the basis of posted prices, the total value of the oil produced in 
1939 was approximately $94,835,500. The average price calculated 
from the available data on production and prices for the state was slightly 
more than $1.00 per barrel. This does not take into consideration the 
fact that some oil was sold under the posted price. If data on the amount 
and price of this oil were available, they would make both the total value 
and the average price somewhat lower than mentioned above. Posted 
prices for Illinois crude oil in 1939 were as follows: 


Beginning Dated essa s ars ie alanle et occ wtle vib avs aidiets nae wie mere jer: ly ae fo 
Oldfield aa cahcwe 7 actrees ele alc ot oc GOAN $1.05 | $0.95 | $0.95 | $0.95 
Centralipasin, feldeinc met ctt oer katicnis.<\s catctameene. 1315 1.05 1.05} 1.05 
PSR tees oie ac at carers Stee cal he, State oe so 5, SR 1.15 1.05 0.85 0.95 


edo Palsiels wo © ou, Be be Oe ble Bin Bae Pisa 8 6 lo ee 6 ae WSN Oe 


De Ms yig te MeN O a fA SE eh Bw Ole Ceres 6 Ger aye ie. (0 ee ae ee ee) © te ee eee ah 


Grifin: Bandstono PIOGUCHON cess cates <5 sw oete leila: 0.95 0.95 
McClosky ‘‘sand”’ production 


0.95 


In 1939 a total of 7,521,986 ft. of hole was drilled in the state. Of 
this amount 6,079,423 ft. was drilled in producing wells. If an average 
cost of $3.00 per foot is assumed, it is calculated that the total investment 
in drilling was $22,565,958, including both producing wells and dry holes. 
The average depth of all wells drilled in the state in 1939 was 2025 ft. 


a 


ee 
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and the average initial daily production of the oil wells was 378 bbl. 
(For details see Tables 2 and 3.) 


Pier LINES AND REFINERIES 


There was much pipe-line construction in Illinois in 1939 (Fig. 2); 
441 miles of 10-in. line was laid for transporting crude oil, and 255 miles 
of 8-in. line for transporting gasoline. The Texas-Empire Pipe Line Co. 
constructed a 10-in. line from the Salem field in Marion County to 
Heyworth, Ill., where it joins the main line, a distance of approximately 
223 miles. The capacity of the line was 40,000 bbl. daily but plans are 
now under way to construct 42 miles of 10-in. loop between the Salem 
field and the Heyworth station and 38 miles of 12-in. loop on the trunk 
line from the Heyworth station to the Wilmington station. These addi- 
tional loops will increase the capacity of the Salem-Heyworth line from 
40,000 to 65,000 bbl. per day estimated and of the trunk line from Hey- 
worth to Wilmington from 80,000 to 95,000 bbl. per day estimated. 

Socony-Vacuum constructed a 10-in. line from its Mitchell station 
between East St. Louis and Wood River, IIl., through Illinois and Indiana 
to Lima, Ohio. Approximately 147 miles of the line is in Illinois. Its 
daily capacity is reported to be 40,000 barrels. 

Sohio Pipe Line Co. constructed 71 miles of 10-in. line from the Salem 
field to its station at Stoy, IIl., in the old Crawford County field. The 
line from Stoy, IIl., to Olean, N. Y., was formerly owned by the Tide 
Water Associated Oil Co. but recently was purchased by the Sohio Pipe 
Line Company. 

The Illana Pipe Line Co. constructed 255 miles of 8-in. gasoline line 
in Illinois from East St. Louis, Ill., to East Chicago, Ind. This line con- 
nects with the Phillips Petroleum Company’s gasoline line from Borger, 
Texas, at the East St. Louis terminal. A 500,000-bbl. storage capacity 
has been provided at East Chicago. 

In addition to construction of trunk lines in the state, other lines were 
“looped”’ in order to increase their capacity and short lines from the fields 
to pumping stations and railroad loading racks were constructed. 

A number of small refineries were constructed at various points in 
the Illinois basin as a result of the increased production. Their location 
close to producing areas gives them the advantage of obtaining crude oil at 
low prices and furnishes an outlet for production from many independent 
operators. At the end of the year, 29 refineries were operating in the 
state with a total daily capacity of 193,350 bbl. Of the total number 
of refineries, 17 have a daily capacity of 2000 bbl. or less. Ten refineries 
have both skimming and cracking units. Crude oil produced in Illinois 
fields is marketed mainly in the refineries of the Central Refining district 
(refineries in Illinois, Indiana, Kentucky, Michigan and Ohio). For 
December 1939 the runs to stills in this district were 17,848,000 bbl. Of 
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‘ 
NEW FIELDS 
1. Bond: Sorento 21. Lawrence: Russellville gas 36. Washington: Cordes* 
2. Clay: Flora 22. Macoupin: Plainview gas 37. Dubois* 
36 Iolat 23. Marion: Patoka 38. Wayne: Barn Hill* 
4. Clay, Wayne:’ Clay City ek. Salem-Lake Centralia 39. Boyleston 
5. Clinton: Hoffman* 25. Tonti* 4o. Cisne 
6. Clinton, Marion: Centralia 26. Marion, Clinton: Fairman* ye Enterprise* 
7+ Coles: Hutton* 27. Richland: Dundas* ye. Goldengate* 
&. Mattoon* 28. Noble a Leech Twp. 
9. Edwards: Cowling* 29. Olney . Mt. Erie 
10. Edwards, White: Grayville* 30. Schnell 45. North Aden 
ll. Fayette: Louden-Beecher City 31. Shelby: Stewardson* 46. Rinard 
12; St. James 32. Wabash: East Keensburg* 47. South Mt. Erie* 
13. Franklin: Whittington* 33. Griffin* 4S. Wayne, Hamilton: Aden 
14. Gallatin: Junction* 34. Keensburg* 49. White: Calvin* 
15. Jefferson: Cravat* 356 Mt. Carmel* 50. Mill Shoals* 
16. Dix 51. New Harmony* 
lv. Elk Prairie 52. Phillipstown* 
18. Ina * Discoveries and extensions 536 Stokes* 
19. Marcoe in 1939. 54. Storms* 
20. Roaches 
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this amount Hlinois production was 60.1 per cent as compared to 30.9 per 
cent for January 1939. Stocks of crude petroleum on hand in Illinois 
Dec. 31, 1939, were 12,983,000 bbl. as compared with 11,752,000 bbl. on 
Dec. 31, 1988. Stocks of refined products in the Central Refining district 
compared with the previous year are as follows: 


aS a a ees ee ee ee eee 
Dec. 31, 1939 | Dec. 31, 1938 


GROIN. 5 Avesrtons beh One ee ee 13,621,000 | 12,119,000 
Ce ascaulemdrdistillate fuel sn pyc ecccince cee Gcanaid’s 6 oe ne nc 3,681,000 | 3,427,000 
TRECKOWIEN TANG) woRtig . Gone ee ea ee oc 2,964,000 | 4,025,000 


EXPLORATION Mrruops 


Subsurface geology and geophysics, largely the reflection seismograph, 
are still the principal methods used in guiding exploration and develop- 
ment. Soil analysis as a means of exploration was conducted in various 
areas in the state. Gravimeters and magnetometers are being used to a 
small extent and structure test drilling is carried on by a few companies. 

Development in 1939 was largely in the Salem and Louden fields and 
in White and Wabash Counties where a number of new fields in the 
younger productive formations were discovered (Table 4). December 
1939 marked the beginning of Devonian limestone development in the 
Salem field. ‘The Kingwood Oil Co. and Bell-Shanafelt No. 18A, NE4 
NW, NE sec. 20, T. 2 N., R. 2 E., was the discovery well in this 
formation in the Salem field (Table 5). The well reached the top of the 
Devonian limestone at a depth of 3345 ft. The initial production was 
3024 bbl. In the Salem field the producing zone is porous dolomite 
consisting of an average of 30 ft. of pay, which is encountered 50 to 55 ft. 
below the top of the limestone. Many wells record as much as 20 ft. of 
poor saturation overlying 20 ft. of good saturation. The average initial 
production from the first wells was approximately 3300 bbl. No water 
was produced with the oil. 

There was considerable development. of the Devonian limestone in 
the Sandoval pool in central western Marion County, where the Bethel 
sandstone (Benoist sand) has produced for many years. The discovery 
well in the Devonian limestone was drilled in December 1938 and the 
development of this formation in the field was carried on throughout the 
year. By the end of the year 22 wells had been completed in the field 
with an average initial production of 1450 bbl. A considerable quantity 
of water is produced with the oil in the field; a well drilled near the south- 
ern limit of the producing area had an initial production of 600 bbl. of 
oil and 1400 bbl. of water. To the end of 1939 the Devonian limestone 
in the field had produced approximately 794,000 bbl. of oil. 
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In December 1939, wells were drilled to the Devonian limestone in 
the Centralia and Bartelso fields in Clinton County and both were 
producers (Table 5). 

These recent Devonian limestone discoveries will be followed by the — 
drilling of many Devonian wells in these fields and will encourage deeper i‘ 


TaBLE 2.—Summary of Drilling and Initial Production in Illinois for 1939 


Number of Wells Total Initial Footage Drilled 
Drilled in 1939 Production in 1939 
County é be 

Total roducing Gas, . 

Com- Oil, BbI. | Millions | Total | Producing 

pleted Cu. Ft. 

Oil Gas 
Adamans Joka inn kieran 2 0 0 0 0 1,853 0 
MOM W020 Staaten o's bes sate 4 0 0 0 0 14,929 0 
Bro wihsiic cites tts bs ete atures 4 0 0 0 0 2,406 0 
Champaign vaca eer. deen er ee 2 0 0 0 0 2,900 0 
Christian. %. cats crs ronies 4 0 0 0 0 4,850 
MAVE a ate a be ae tis ey ase 20 4 0 150 0 21,883 5,351 

Claw Sh eign lt ae etadaae 159 136 0 66,725 0 484,954 422,153 
CUHGOR Ss ee cles erase Clee e erkg 62 35 0 3,135 0 81,105 46,733 
Golesi) siteids «is ainennd ssa oct 17 3 0 33 0 27,286 3,301 
Cooks nee en ae 1 0 0 0 0 210 
Cra whore. reoiisients os. Acie’ 7 2 0 12 0 11,901 2,562 
Cumberland: o7.0i.c<053 wacecat 11 0 0 0 0 19,914 
Douglass citaieed eaidowis esas 2 0 0 0 0 928 0 
DOASAY ciclolctea ths 9 0 0 0 0 9,900 
Edwards... 34 17 ) 2,443 0 98,946 48,189 
Effingham 13 0 0 0 34,521 
Fayette. . 960 895 0 236,037 0 1,506,441 | 1,395,934 
Franklin. . rs ine 9 1 0 199 0 1,251 x 
Butoaiy i. cbiecssme cere eres sis 3 0 0 0 0 2,099 
Gallating:.c ete maetaer ren 19 6 0 319 0 39,344 9,025 
Grbenes.....c:e vn cant uthoahtas 2 0 0 0 0 1,730 
Plamiilton el. ccter «sae uren ho. 7 1 0 72 0 27,707 3,381 
HAnGOGIE Ft eas Scans pipers 3 1 0 3 0 1,295 382 
TIOHGGLBON . oe sore are ee Lie Che 1 0 0 0 0 1,235 0 
TOOKSOD sii cr Nare is cesarsge cna 1 0 0 0 0 1,380 
MIRADOL Lite whe te ace ante ox 8 1 0 1 0 18,117 722 
WetersORcsi Glare nea eto 73 36 0 4,963 0 167,136 73,640 
Jersey 1 0 0 0 0 ,802 
DOhMsOn fateh tet velvicile svaas oe 1 0 0 0 0 1,747 0 
ODOR sue tanes oe cet aos ei atia er Bae 1 0 0 0 0 800 
DLAWTONCEs 3. 5:0, sishvisitinie + este 41 3 18 68 159.4 55,639 23,676 
DAVIN GHVOM Cr csiayic se cas ele ie 1 0 0 0 0 1,530 
MeDonoughss si ies esas ede. Z 1 0 it 0 3,946 512 
TAC OMS ewisreieay vie 056 14 hous a8 2 0 0 0 0 5,300 
DIACOUPINE ead eored as dab ea ves 4 0 3 0 0.7 2,904 1,364 
MAGIBON 16 vices «oe cass oe nse 9 1 0 25 0 11,720 
Maroaiiisicdes 1s blorsOi tate 1,242 |} 1,155 0 667,813 0 2,449,707 | 2,277,051 
NEOHTOR is asccalie wna vhs peanee«is 16 a 0 200 0 10,272 ,164 
Montgomery................ 11 1 0 2 0 14,883 680 
POR GSA dere Gas sulen Peco les 1 0 0 0 0 1,160 0 
DOU ETE Oa teats ise. tg ined a Gaels 4 0 0 0 0 8,872 0 
MOOV Bir .: teite CA NE bk 6 Bie os 1, 0 0 0 0 1,562 0 
Perry Sir ant wets van « palate 16 0 0 0 0 22,450 0 
PNG te ore sareia oops; esorince 5 ean aM 2 0 0 0 0 1,452 0 
Randolph.............: @ 0 0 0 0 9,546 0 
WIGUIBTG emir s ricys 00 0/0 ore 102 91 0 26,697 0 279,741 246,240 
St. Clair. is “a 38 21 0 1,403 0 36,939 12,817 
Saline.... 7 0 0 0 0 17,835 
Sangamon.. 2 0 0 0 0 4,633 0 
Sohtiylers..5...... 3 0 0 0 0 2,655 
SBS by sarki opie ove ots a 7 1 0 28 0 34,559 1,969 
TASOWOl pints os cheno ts 2 0 0 0 0 3,700 
WaDSSDs iii pete stisnign strc 170 0 28,733 0 537,130 418,576 
IWARTER Rel aieieteas mya ole dence 0 0 0 1,050 
Washington.............. xis 96 0 7,660 0 181,702 123,297 
VAY RG iis minha 0 onocin's ae 0 56,186 0 893,323 761,200 
SWHIGRsSieolela stele satay oetdisisipval ee C104 68 3 15,033 109.8 295,598 193,136 
WAMBOM orc ws cot case es 0 0 0 0 11,608 0 
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exploration in both new and old fields 


ich 4 wn | where production is obtained from younger 
ars formations and where the deeper forma- 
So 2% %& | tions have not been tested. During the 
34 22 SS | past year, 190 wells were drilled to the 
s "" "| Devonian or deeper in the state. Of this 


32 x | number 61 wells were drilled in producing 
BS) ia . : 
SEs « | fields; the remainder were ‘‘wildcat’’ wells. 


ian li 162 
782 
288 


ae a NaTURAL Gas 
a ~~ + oO $ ; 
3 2 Ea a: Gas was marketed from two fields in 
a = i . . ° 5 
E é ag E ¢ | Illinois during 1939, the Russellville field in 
38 a8 Lawrence County and the Ayers field in 
E Aa #A | Bond County. The Russellville gas field, 
£|48,|e3 #% in northeastern Lawrence County, includes 
ety aol ox . 
ee %2 38 | 920 productive acres and _ produced 


963,712,000 cu. ft. during the year. The 
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. 3 Bk | 88 8&8 | field was discovered in 1937 and had 

= A aS S| produced 1,065,112,000 cu. ft. of gas to the 

s p &e end of 1939. Production is obtained from 

3 eae ae the Buchanan sandstone of Pennsylvania 

= & 42% &g | age. The gas is “dry” and the average 

© 5 2a £8 | B.t.u. value is 950. The Ayers gas field in 

5 = =e EE north central Bond County includes 325 

S ee ie productive acres and produced 13,626,000 

Q om ai cu. ft. during 1939. The field was dis- 

& «% | covered in 1922 and had _ produced 

2 : 3 3 | 180,626,000 cu. ft. of gas to the end of 

= 3 oi “2 | 1939. Production is obtained from Aux 
z 2 aa Vases sandstone of the Chester series. 

e e a a The gas is “dry” and the B.t.u. value 

3 3 22 ea | is 1050. 

a & 33 a3 In July 1939 the Eason Oil Company’s — 

| a & & | Storms Heirs No. 1 well was drilled in sec. 

16 23 $@ | 14, T.68., R. 9 E., White County, and 

a z was completed as a gas well in the 

4 oe ee Waltersburg sandstone of the Chester series 

H 225 gE | ata depth of 2215 ft. The well had an 

ae=Ss | initial production of 12,300,000 cu. ft. of 


gas. Other wells drilled later produced 
both gas and oil. On March 5 five wells 
were producing gas and 30 wells producing 
gas and oil in the Storms field. The initial 
gas production of all the wells in the field 
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TABLE 6.—IIllinois Completions and Production since January 1, 1936 


‘ Production (Thousands of Barrels) 
Date . Completions Produsing 

New Fields | Old Fields Total? 

UIE \Ghst tr on cela Coe oa ace eee eed 92 52 4,445 
TMT EIE Ss g ele on Sere Sa 5 eae te 449 292 2,884 4,542 7,426 
ERY et ean lc Geena eee 2,541 2,010 19,811 4,264 24,075 

1939 

SRRUAL Ves oe cee 240 208 4,194 252 4,446 
COruaryiel, tests Ltt 241 200 4,300 242 4,542 
Biarehtetne s.04) 0% Ass i Er ce 282 205 5,116 264 5,380 
PAT Tilats ane ae Ciky., ANP ke 210 167 5,157 258 5,415 
BNE 8h Veter Ae i Vo Me Ae A 316 263 6,575 274 6,849 
SUI ea Ry em ots a acs nko dc 386 311 6,819 264 7,083 
RUINS 3 stone Gobet thcaheat tee rite a 273 221 8,457 280 8,737 
PAREDUIS Orkumeee > ae eT he, SM 377 310 9,569 283 9,852 
September. ieee. we. Jeet 320 244 10,172 271 10,443 
October, bet. tac s biotin jee: 319 266 10,322 279 10,601 
NOVEM ER tress secede ascamave 363 286 9,955 267 10,222 
MDE CEMIDOL A ais by circle» win trae 348 289 10,465 267 10,732 
3,675 2,970 91,1011) 3,201 94,302 


1 Includes new Devonian production from old fields. 
U.S. Bureau of Mines monthly petroleum statements. 


was from 4 to 30 million cu. ft. of gas. When the oil wells were drilled 
the gas was then released and burned in flares. It has been reported 
that approximately 100,000,000 cu. ft. of gas is being burned daily in 
this field. A small amount is used in drilling and pumping operations, 
and in heat-treatment of the oil produced from the field. The gas is 
‘“‘dry”’ and the heat value is 930 B.t.u. per cubic foot. 

A considerable quantity of gas is being produced with the oil in the 
Salem field, in southwestern Marion County. The field, which is almost 
two years old, had produced approximately 75,000,000 bbl. of oil to the 
end of March 1940. Oil is produced from the Bethel and Aux Vases 
sandstones of the Chester series, the McClosky ‘‘sand’”’ and the Salem 
limestone of Lower Mississippian age, and the Devonian limestone. 
Natural gas is produced with the oil from each producing formation. A 
comparison of the estimated total amount of gas produced by each up 
to the end of February 1940 is as follows: Bethel sandstone, 35 per cent; 
Aux Vases sandstone, 9; Salem limestone, 1; McClosky ‘“‘sand,’ 30; 
Devonian limestone, 25. 

A recent estimate of the amount of gas produced in the Salem field is 
250,000,000 cu. ft. daily. It is also estimated that approximately half 
of the ultimate gas production has been produced from the formations 
now producing oil. A small amount of the gas is used for repressuring, 
drilling, and heating purposes, the remainder is burned in flares. The 
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gas is ‘wet’? and the average B.t.u. value is approximately 1600 per 
cubic foot. There is an average yield of from 1 to 114 gal. of natural 
gasoline from 1000 cu. ft. of gas. 

In the Louden field, in northeastern Fayette County, natural gas is 
likewise produced with the oil. The Louden field is more than two 
years old, and to the end of March 1940 had produced approximately 
26,500,000 bbl. of oil. Production is obtained from the Cypress, Paint 
Creek Stray, and Bethel sandstones of the Chester series. Natural gas 
is produced throughout the pool; however, there is a “gas cap” in the 
north part centering from sec. 28, T. 8 N., R. 3 E., northeast to sec. 15, 
T.8N.,R.3E. There isan average yield of from 1.3 to 1.5 gal. of natural 
gasoline from 1000 cu. ft. of natural gas from the field. 

It is estimated that approximately 30,000,000 cu. ft. of gas is produced 
daily in the field. Of this amount 1,000,000 cu. ft. is used for repressur- 
ing, and it is estimated that 3,000,000 cu. ft. is used for lease operations, 
3,500,000 for fuel, and the remaining 22,500,000 cu. ft. is burned in flares. 

In other new fields in the state a small amount of natural gas is pro- 
duced with the oil. The amount of gas now produced is very small in 
the first MeClosky ‘‘sand’’ fields in the central basin area as compared 
to the production when the fields were first developed. Although 
there has been an increase in the gas-oil ratio in these fields, oil pro- 
duction has declined to such a low figure that the natural gas pro- 
duction is insignificant. The estimated average gas-oil ratio for many 
of these fields is 1000 cu. ft. of gas per barrel of oil. Part of the gas is 
used on the leases for pumping and heating purposes, the remainder 
is burned in flares. 

During the latter part of the year 1938 and early in 1939, five shallow 
gas wells were completed in Hillyard township, T. 8 N., R. 8 W., near 
Plainview, Macoupin County. The wells were completed in the basal 
Pennsylvanian sandstone at an average depth of 440 ft. The initial 
production ranged from 125,000 to 750,000 cu. ft. per day. The gas is 


“dry” and has an average calculated B.t.u. value of 806 per cubic foot. . 


The gas has not yet been marketed. There are three abandoned gas 
fields in Macoupin County—Spanish Needle Creek, Gillespie-Benld, 
and Staunton (Table 1). These had a total productive area of 560 acres 
and during the life of the fields they produced a total of 1,200,000,000 
cu. ft. of gas. The gas was marketed in near-by cities within the county. 
The last field was abandoned in 1935. 


ImprRovED Recovery Mrruops 


Repressuring.—A repressuring project by the Texas Company in the 
Salem field was continued in 1939. At the end of the year approximately 
one million cubic feet of gas daily was being injected into 11 gas-input 
wells. Three new input wells were added during the year. No data as 
to the results in increased recovery are available as yet. 


—_ ~~ 
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In the northern part of the Louden field the Carter Oil Co. has 39 gas- 
input wells in T. 8 N., R. 3 E., Fayette County. Of this total, 5 input 
wells were completed in 1938 and on Jan. 1, 1939 an accumulated volume 
of 2,636,000 cu. ft. of residue gas was returned to the reservoir through 
these wells. On Jan. 1, 1940, the accumulated injection volume to all 
sands was estimated to be 92,000,000 cu. ft. This project is in an early 
stage and is not intended to increase actual measured daily production 
at present. 

Water-flooding.—In the Clay City field, which is producing from the 
McClosky sand, the Pure Oil Co. started an experimental water-flooding 
project on the B. Travis lease, sec. 33, T. 3 N., R. 8 E., Clay County. 
Water was first injected in the B. Travis No. 1 well on Sept. 28, 1939, 
at an initial rate of about 1300 bbl. per day, and on Jan. 1, 1940, an 
estimated 100,000 bbl. had been used. As the project has been in opera- 
tion for only a short time, no data on its results could be obtained. 

During 1939 there was little change in repressuring or water-flooding 
operations in the old southeastern Illinois field or in the old fields of 
western and southwestern Illinois. The fact that production was 
curtailed approximately one-third throughout the year was unfavorable 
to the initiation of new projects or to the expansion of old ones. 


LEGISLATION 


Two new statutes affecting the oil and gas industry were enacted by 
the State of Illinois in 1939. These are House Bill No. 1079, approved 
July 11, 1939, ‘An Act to require the reporting of information essential 
for the sealing of wells to prevent escape of oil, gas, salt or fresh water or 
other materials from one stratum to another through such wells’? and 
House Bill No. 1080 filed without signature, July 21, 1939, ‘““An Act to 
amend Sections 2, 3, 4, 5, and 6 of ‘An Act in relation to sinking, filling 
and operating of wells for oil, gas, water or other purposes,’ approved 
May 16, 1905, as amended.”” The new laws require that permits to drill 
be issued by the Department of Mines and Minerals, Springfield, before 
drilling is started. They provide for the filing of well logs with the State 
Geological Survey within 30 days of completion, for the saving of well 
cuttings for geologic study in wells designated by the Survey and for 
making cores available for study by the Survey. The method prescribed 
for plugging abandoned wells has been amended in accordance with 
modern practice. The plugging laws are administered by the Depart- 
ment of Mines and Minerals, Springfield. 

Unlike most of the major oil-producing states, Illinois does not have 
any comprehensive law providing for the conservation of oil and gas. 
Although the greater number of the oil-producing operations are being 
carried on efficiently, the existence of wasteful practices in some areas 
must be recognized. The burning of large quantities of natural gas in 
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flares, particularly in the Salem pool, represents a loss of reservoir energy, 
which if utilized by returning the gas to the oil sand would result in a 
substantially greater ultimate recovery of oil. The drilling of too many 
wells in a small area, as for example in parts of the Salem pool and on 
town lots in Centralia, is not only an economic loss but will also result in 
physical waste through the premature abandonment of wells. 
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Oil and Gas Developments in Indiana during 1939 


By R. E. Esargry* anp G. F. Frxt 
(New York Meeting, February 1940) 


Durine 1939, Indiana experienced a great increase in prospecting and 
drilling for oil and gas. Major activity, as during the preceding year, was 
in the southwestern part of the state, the Indiana portion of the Eastern 
Interior Coal Basin. An increasing interest was evident during the year, 
however, in the entire state, chiefly in northern Indiana (on the south 
flanks of the Michigan Basin) and in the old Trenton field of east central 
Indiana. In the latter area several tests to deeper horizons in the 
Trenton and to the underlying St. Peter sandstone were completed. 
Results in this area have been discouraging, however, since these deeper 
horizons are very erratic. The regional structure in the Indiana portion 
of the Michigan Basin is generally favorable to oil accumulation, but the 
picture is complicated by a uniform mantle of glacial drift and a lack of 
subsurface information. Several wells were started during the last half 
of 1939 to test the Devonian and Trenton formations in this area. Pro- 
duction from these formations was found at several localities many years 
ago, but, no sustained effort has been made to locate pools in this area, 
which covers perhaps 20 counties. 

There were 377 wells completed in Indiana during 1939, and 77 others 
were in various stages of drilling at the close of the year. Of the 377 
completed, 255 were classed as field locations and 122 as wildcats. The 
field wells were divided as follows: 156 oil wells, 39 gas wells, and 60 dry 
holes; the wildcats: 98 dry holes, 19 oil wells and 5 gas wells (wildcat oil 
and gas wells include deeper production in oil fields and field extensions 
as well as new field discoveries). During the year 218 more wells were 
completed than during 1938. 

Outstanding developments for 1939 include the discovery of several 
new oil and gas fields. In the Griffin field, which was discovered during 
the closing days of the previous year, 103 wells were drilled, including 
field extensions. Of these, 97 were productive oil wells. This field now 
covers more than 2000 acres of productive area and has not as yet been 
defined. There are five producing horizons in the field, including the 
Waltersburg, Tar Springs, Elwren, and Aux Vases sandstones of Chester 
age and the McClosky horizon of the Ste. Genevieve limestone. Produc- 
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tion from more than one horizon is obtained by combination wells or by 
drilling twins. Initial production of wells in the field varies from 100 to 
3000 bbl. a day. Most of the wells show very little gas, although some 
have been gauged up to one million cubic feet a day. Pipe-line connec- 
tions for the field are inadequate at present, since the only lines completed 


TaBLE 1.—Ouzl and Gas Production in Indiana 


Area Proved, Acres | Total Oil Production, Bbl. 
Year 
‘ of 
Field, County Dis 
covery 

8 : b To End of During 
- = = 1939 1939 
= 
Az 
o 
& 
5 

Lull:A ford Pike asi svosctmuke verona ean laeete ani alco ren 1919 240 960 3xz,0rr 3,450 

2 | Blairsville, Posey-Vanderburgh..............20ceeceeceee 1933 350 0 363, 2rr 34,587 

2 WV DTBLOW, Ott races he voi s F2 Sek cones hatch eee Se 1929 180 120 59,202 1,627 

Adi @arinel burg, Dated sce. clei alee sate «clea Pi total chaetere nat ee 1925 6rr 5x y 3,850 

Sul Mnterprise; iS DEnCbt re ooh oys.c1 caer von ala. cle cin ae Pras ois 1939 80 0 7] 7] 

63) Prancised;: Gtbeon stereos wutace sane vas seA wel och clerwran 1929 950 150 98 crx 17,640 

VAR Soy ae Ue)” en ae ae ye She ee 1893 37,000 0 0 

8: Grittins Gtbson-Posey Ace. an von aoe aac teehee cele e oa 1938 2,500 0 709,000 709,000 

Or Harmon cPikete ter ccn dene Oren ate moaterele saceteoen nlats« 1928 20 6xz 0 0 
TO Harrison: Oo, Hartson cca akest cet an sites down 1910 0 6,622 0 0 
11° )) Heusler; Posey ee vena ater «coe aan anets 1938 250 0 169,000 141,292 
12 | Hudsonville, Daviess-Pike. 0.0.0.0 neces ccnsccceccccee 1929 0 1,0zx 0 0 
13 | Loogootee, Martin-Daviess................0000cceeeeeee 1900 saz 1,922 0 0 
14 Monroe City e Kotte sasinret 2h care eta UPR bk enarongle 1922 4rz 0 y 1,450 
LhuldNew, Harmony. Pose, .ctviodes AacavieinusiiteGeulesioaiaet oles 1939 300 0 54,27rz 54,2202 
16 Caidand: Citys Pikes cn oc nccReenar aban aware lie san 1907 3,lzx Quxr y 10,800 
Tt CARES Th AMEE fo ea aoa ay eae hw Sie: bola dire,» ba Tw ods ate 1930 40 1,000 56,002 3,700 
18 | Oatesville- Wheeling, Gibeons. 6.01. ci ccc secs eweccvae von 1919 1,922 0 y 102,000 
AG MPPrairie Cresic, oF 400 a 5.005 co sci dy oat Gen nileaimiue cides 1937 600 0 340,222 180,000 
20 | Rock Hill-Grandview, Spencer..........00csccceecueues 1928 160 0 » 68,002 5,562 
LVM ROGKDONY) S DENCE Rr recuse rth gin ete rae nie eNotes 1939 0 720 0 0 
22 | Shelburn-Graysville, Sullivan... ......... 0.0. ceeseeues 1911 5,0rx 1,6rz 6,822,222 55,200 
OB) | DIA WIV Ode PAGO test ie anit das eisind wien tiaras 1926 750 0 2,722,202 140,22x 
DA TRONLOR eM ONY sanity wets Mahan accee, tomcmaemaien 1886 | 127,crr | 650,272 | 107,222,202 20,, 
25 | Tri Co.-Somerville, Pike-Gibson. .. 0.0.0.0... c cece eee e ee 1925 350 80 150,crx 7740 
26 | Troy-Tell City, Perry-Spencer...........00.ccceeeeeeens 1928 850 80 90,202 15,257 
27 | Union-Bowman, Pike-Gibson............0.00cece es eeeee 1916 4,600 bra y 171,700 
28 | Unionville, Monroe............ccccccececssecaueesuees 1929 0} 14ex 0 0 
29 | Vanderburgh, Vanderburgh.............cccccucccueeces 1931 580 0 365,222 37,369 
SUTIN ORIC, DAMES. ceca tacks cab ey ei bocce rammt ator 1926 400 0 7] 9,890 
$1: |) West. Princeton, Ghar. ds cei. becisclv a. oisieasnniey Wali cee 1903 1,622 bax 1322,22r2 3,650 
32 ORL, 1 25c) feo alee ra's cntatviaure vlan Galea Weneeme eee ; 1,729,564 


» Footnotes to column heads and explanation of symbols are given on page 239. 
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at the end of the year were to river and railway terminals. The total 
cumulative initial production for wells drilled during 1939 is approxi- 
mately 25,000 bbl. a day. 

The Superior Oil Co. -(California) opened a new field on Ribeyre 
Island, the New Harmony, along the Wabash in western Posey County 
in the early summer of 1939. The discovery well flowed 252 bbl. a day 


TABLE 1.—(Continued) 


Total Gas Producti Oil-Produc- pede i 
01 as uction, : e tion essure, aracter of 
Millions Cu. Ft. Number of Oil and/or Gas Wells Metiads, | “Ub.per Ol 
End of 19389 Sq. In. 
: : Number 
During 1939 End of 1939 of Wells 
% Com- ji 
3 To ian of Dating Hote fy 3 2s = a 
939 939 nd o’ ‘E = Ane) 2 
5 1939 E & | #8 | B ail sae pe Ble 
a | 2 | 83/2. | 22/2] 22 | Z| 32 Peeslee 
b | g = rai S ie ‘oO ah 
uy y 70 96 4 4 0 7 21 0 a y 35 38 
2 0 0 34 5 0 0 30 0 0 30 29 
3 0 0 45 1 3 0 2a 0 0 26 33 0.8 
4 y 0 57 1 1 0 13 0 0 13 y 
5 0 0 3 3 0 3 0 0 0 3 y 
6 1238.7 8 38 3 0 1 22 3 0 22 690 y 26 
7 3,920 177.52 37x 5 5 0 0 21x 0 0 275 90 
8 0 0 90 89 0 0 90 0 y 8x 39 
9 y 15. 28 0 3 0 0 4 0 0 450 25 
10 3,52n 190.66 115 2 1 0 0 36 0 0 175 48 
11 : 22 13 1 0 21 0 0 21 37 
12 y 35.0 51 0 4 1 0 12 0 0 275 y 
13 y 8.5 58 0 0 1 0 6 0 0 250 75 
14 0 0 15 0 0 0 7 0 0 tf y 
15 0 0 19 19 0 0 19 0 0 19 39 
16 | 0 0 263 0 4 1 21 0 0 21 28 
17 1687.14 92..54 78 0 0 iE 9 36 0 9 281 134 35 
18 0 0 253 0 0 0 185 0 0 185 32 
19 0 0 18 4 0 0 18 0 0 18 40 
20 0 0 17 1 0 0 10 0 0 10 38 
21 0 0 13 13 0 13 0 0 0 0 390 390 
22 lavx 32.976 1,093 0 0 0 342 14 0} 342 110 30 35 
, 23 0 g3 le O-| 24 0 12 88 0 | 0] 58 46 
24 | 802,722 Dau 26,522 11 44 y Qax 5rx 0 | 2ea | 325 y | 36 
} 25 y y 74 0 0 13 y 0 13 y y | 34 
26 382.2 26.39 74 5 3 0 30 8 0 30 218 34 27-34 | 0.8 
27 y 15 399 1 4 4 227 3 0 | 227 y y.| 33 
28 0 0 17 0 0 0 0 0 0 0 250 y 
29 0 0 90 2 0 0 56 0 0 56 29 
30 0 0 73 0 0 0 27 0 0 27 
31 0 1. 0 150 1 0 13 37 0 (OP eecy 35 
32 871.586 
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natural and during the year 19 other oil wells and one dry hole were 


drilled in this field, on the Indiana side. 
in Illinois. 


Several other wells were drilled 
Ribeyre Island is a cut-off island, caused by the Wabash 


River cutting across a meander, covering several square miles of land. 
Cumulative initial production of wells in the field totaled approximately 
6500 bbl. a day at the end of the year, with the largest well producing 


TABLE 1.—(Continued) 


|Line Number 


Producing Formation 


Deepest Zone Tested 
to End of 1939 


Depth, Avg. Ft. 
g 
Name Agee > g 
S | 3 | Top Prod. | Bottoms | a! 
: | me | Wells [ie 
o 
Gaoltas i 
Oakland City Brown sands MisU 8 Por 630 640 z 
1,080 1,100 
1,130 1,140 
Mansfield PenL 8 25 1,007 1,031 | 30 
Tar Springs, Cypress, Elwren | MisU S Por 330 350 | 20 
L. Chester MisU 8 Por 630 640 y 
Cunningham MisU 8 Por 1,525 1,530 y 
Brown, McClosky MisU 8, OL | Por 1,430 1,450 | 25 
Trenton Ord L Por 886 907 1] 
Waltersburg, Tar Springs, El- | MisU $1, 2, 3, | Por 2,150 2,900 y 
wren, AuxVases, McClosky MisM 4;L5 
Mooretown MisU S| Por 1,110 1,125 | y 
New Albany DevU H Fis 650 680 | y 
Waltersburg, MisU 8 Por 1,750 1,800 y 
Tar sd 4. ‘ 1,855 1,920 
Barker san MisU 8 Por 650 660 | 10 
Chester MisU 8 Por 532 540 | 15 
Mansfield, Cypress, PenL SL | Por 1,225 1,240 | y 
Mooretown, Paoli MisU ap 1,560 
Waltersburg, MisU SOL | Por 2,150 2,900 | 31 
Tar Springs, McClosky ; 
Oakland City, MisU 8 Por 1,085 1,107 v 
Brown 1,112 1,126 
Staunton PenL s) Por 580 610 | y 
: 790 802 
Sample, Cypress, — MisU SL | Por 1,250 1,270 | T 
Mooretown, Paoli 1,270 1,290 
1,340 1,360 
1,725 1,740 
Corniferous, DevM L Por 2,074 2,165 v 
Niagara SilM 
Sample MisU 8 Por 1,310 1,320 y 
Palestine MisU 8 Por 88. 905 | 10 
Unnamed 1, 2, 3, 4, PenL SL |Por] 298, 545 | 325, 560 7] 
Harrodsburg, Niagara MisM, 640, 730 | 667,775 | y 
SilM 800 |810, 1,500 
, 1,400, 2,270 2,285 
Corniferous, DevM L Por 100 2,115 y 
Niagara SilM 
Trenton Ord L,D | Por 900 1,250 y 
Brazil, : PenL 315 331 y 
Oakland City MisU N] Por 1,317 1,335 
Sample, Cypress, MisU iS] Por | 468, 714 | 492, 728 7] 
Mooretown 747, 805 | 759, 827 
i 1,168 1,195 
Cypress, Mooretown, Paoli MisU 8 Por 945 950 | y 
: 1,233 1,250 
Devonian DevM L Por 800 850 | 40 
Mansfield PenL 8S | Por 899 911 | y 
Veale (McClosky) MisM OL | Por 1,161 1,169 | y 
W. Princeton PenL 8 Por 890 920 | y 


>> Bea Bee Bere PBS > Structure! 


> & 


Name 


Ste. Genevieve 
Trenton 
Ste. Genevieve 


St. Louis 
Trenton 

Ste. Genevieve 
St. Louis 

Paoli 

Mis Lime 
Harrodsburg 


Silurian 


Mis Lime 
St. Louis 
Silurian 


Trenton 


Pre-Cambrian 
Ste. Genevieve 


Mis Lime 


Salem 


Trenton 
Glen Dean 


Devonian 
St. Louis 


| Depth of Hole, Ft. 
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TABLE 2.—Summary of Drilling Operations in Indiana 
og See ER easels Ui beta 
Important Wildcats Drilled in 1939 


Location 
Total 
County Depth, rere 
t. ormation 
Sec, Twp. Ree. 

SUHDIACKL ORG samt ur nrecistieh ay Ete ss esielasttte iatedion areas 15 24N 11E 1,635 | Silurian 

DAAC OF ee Sat 2 ne re eee hci tl MOR Oe & Ubacd 20 24N 11E 3,302 | Silurian 

<p | GEESE (cist at ar Nad ea nN ee pee 11 28 N 1W 1,373 | Devonian 

STAD AVICHS hein Notts carnee ees Sea er ecu ne a 2 2N 5 W 3,025 | Pennsylvanian 

AN EDA VIDSS an sian ce asin NES. eee doar na aectree evar 29 4N 5 W 870 | Pennsylvanian 

OHS DOISA natn Reh oe aeiettiacan sate reLi duane ented bees 18 38 5 W 1,050 | Pennsylvanian 

(eats D1 Vet) Reale Geet DEED eno mee onitan Garon e ean 12 28 5 W 866 | Pennsylvanian 

SiLGDSOMERE A emt ial AA, CR aPlooic ak lat hone deem 18 28 10 W 2,111 | Pennsylvanian 

OURS Ler Nap A A Ramer ae ee ee OS a Ser a eee Re ee 8 28 11 W 2,353 | Pennsylvanian 
AOMECH DSO: See SUteNe MIRO oes airy ft brn tk Sed | a 22 28 11 W 2,240 | Pennsylvanian 
Bes AE DBON or eRe oer RED ait os SS ae catrssa nee 36 1S 10 W 1,999 | Pennsylvanian 
EZ GABON ose eres Paccca cre tee amen tee een e ee 26 38 14 W 2,926 | Pennsylvanian 
TOs GAbeOM cae sash eit R LF lavionie Gos aA alee eisie 13 28 11 W 2,200 | Pennsylvanian 
BAM AI DON GRE fet rine ler REMC pe rah ci, cas Scie oie chetass 9 48 11 W 2,544 | Pennsylvanian 
pe MSOD ee Secer ithvin tn yetcaie bat sito teu suite ae Gite 13 38 13 W 2,850 | Pennsylvanian 
RET CHDSOH mn tncee tate saan Agen. arn, ace ae etnsc 26 3S 14 W 2,952 | Pennsylvanian 
I DEOL SE ente se hie tah EOE Ate hE dike uk tasbisieg 27 28 12 W 2,581 | Pennsylvanian 
ASH GIDEON: phates Leek RR | tek Vetta. deere ceil 13 38 9 W 963 | Pennsylvanian 
POUNGIDRON aie erie a stiri ic toavackecldminncteroe slate 25 18 12 W 2,405 | Pennsylvanian 
OCS TDROU eas eo tn ee eerie fhe easton As brates anes fecolo ae WS 6 19 3S 13 W 2,955 | Pennsylvanian 
PE OM Say Me CAN are Check ee as ENE le arene Oa ane) Ft 27 358 14 W 2,518 | Pennsylvanian 
PPE EEO d 7 el heats SR 85 ee emetic oe eee 3 28 11 W 3,905 | Pennsylvanian 
SHIR OM aioe hicie Steines: siete ove ee varcie 3S. oraislaie ieee « 15 28 9W 1,638 | Pennsylvanian 
SUA TSUN eRe eon Re ELE ee otis Cy aco hctocals anosalaeiese < 25 38 13 W 2,808 | Pennsylvanian 
ean CASON ert teeth ora sessseaeie te sos athochanstr welraw falc ass 8 38 13 W 2,883 | Pennsylvanian 
BOE GDBON tor ies qe tnevlet igtegieacetic bisa aisieicintelstiisle ts Fs sla somia 18 38 13 W 3,001 Pesneyavaniie 
DTP PEAT ISOR SR nth orcs ce eee hoe nian teok) ovieoieetierdak 8 18 4E 1,935 | M. Mississip ian 
Dai es ACSON GIP ROR sioiohe aiccateiets cxeateD Wiles cud due Glatacristaisiore sisieceta< ll 5N 2E 2,475 Borden L 
DON IASPELI ce, atid trolly teaid a deh < nove’ smcisidle se oti 6 28 31N 5W 1,112 | Devonian 
BOMICHREON mee mere sieeee inna eta Dead s(aholers 21 11N 4E 1,889 | Borden (L Mis) 
BIE KOR 8 a ners Weer creatine mnt alae hoon enn Mean Sur..9 1N 11 W 2,081 | Pennsylvanian 
Bon KORE cite on riuancn Menteteeoe civicis aera i tame tie Palast awives Don. 54} 3N 9W 3,241 | Pennsylvanian 
eae Toten fetid ier ac REP REM Clo SSS Moa ine sunaree ms Lot 44 2N 10 W 1,934 | Pennsylvanian 
Re OK I care Hy ulele ate eicie ely ia oy eeu dicraly a sie sie gndtnaansayaaints 11 2N 11 W 2,018 | Pennsylvanian 
CON TET Gy 2, Saat 0) Ne Se ee Sey oe ine eins oe eae See 5N 8W 1,276 | Pennsylvanian 
Oa RAK rN ne tno cenchcltrts os id asain gone EA Lot 141 1N 12 W 2,338 | Pennsylvanian 
CRIP DON eyo. oat soba nate aie ois nts Oa Ca «| Neordisiavelsteie Don. 214 5N 9W 2,256 | Pennsylvanian 
AMEN OR foiee ah. Fro an BIo arate s viele Seaateicne meets Bales Don. 224 2N 8 W 3,000 | Pennsylvanian 
OM BERR OXA 1 Ae cies lav ovct dealt one revetatals Fiviahasdts alsiaidtoiete a wtesahe 21 2N 9W 1,785 | Pennsylvanian 
AAR ISHOK Se Aas ay. DOP nina eaten clas cigs eat here tu ppp eile 23 1N 10 W 3,510 | Pennsylvanian 
A PRTOR Ms tee ra atstatsksins meee Gye is oval oleiete ach sceterar ata eiatace 14 18 12 W 2,402 | Pennsylvanian 
MODEM BOM eet ckrday che cae iio eke sae aida eas S slalwiatees 34 17N 3E 965 | Devonian 
8) || DUET SB Gree on Oto 0 GOP BE Ee OBE ConN noe eaae anor 36 4N 5 W 559 Seca tlonares 
SAW PINAR UII vss cesta Flv) Sets ereioiolabateleie ols) ofeteisl saints alet-Iaisie'sie\s| eof 4 2N 4W 450 | Pennsylvanian 
MANA ORTOOR EE MA chr cate Tes ae ot teres oot hiees ais Ble e'ee Bins 29 8N 1E 2,502 | L. Mississippian 
GSR aT eC anne oie, tessa sekgcablatageein sy e's slovenia ha hay elsareleleinne 29 3N 2W 3,226 | Pennsylvanian 
Eb dt On oes AC nema De DOES CaM CHE tee oar Ratan 30 1N 6 W 728 | Pennsylvanian 
MS EES MOTT or arco otal ere TARO TCE sola oNVSGTeIR s ala Shera 18 28 7W 1,566 | Pennsylvanian 
49 | Posey 35 6S 12 W 2,168 | Pennsylvanian 
50 | Posey 17 78 14 W 3,021 | Pennsylvanian 
51 | Posey 30 78 14 W 2,937 | Pennsylvanian 
52 | Posey 35 38 14 W 3,144 | Pennsylvanian 
53 | Posey 19 6S 12 W 2,735 | Pennsylvanian 
54 | Posey 31 38 13 W 3,047 | Pennsylvanian 
55 | Posey 13 68 13 W 2,915 | Pennsylvanian 
56 | Posey 9 48 12 W 2,800 | Pennsylvanian 
57 | Posey 10 4§ 13 W 8,003 | Pennsylvanian 
58 | Posey 1 58 13 W 2,980 | Pennsylvanian 
59 | Posey 10 58 14 W 2,985 | Pennsylvanian 
60 Posey. rr: 34 6S 12 W 2,811 | Pennsylvanian 
61 | Posey 1 78 12 W 1,888 | Pennsylvanian 

13 78 13 W 2,720 | Pennsylvanian 
a aay ae tte 11 5S Ww 1,358 Fersayiyasnso 
|e eetielae. (ian [pease 
65 | Spencer 24 6 , uh 
11 68 7W 1,583 | Pennsylvanian 
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TABLE 2.— 


(Continued) 


CEE EEE ESSE 


Important Wildcats Drilled in 1939 


| 


CHONIMTPwWWe 


Initial Production per Day 

Deepest , 

Horizon Drilled by Gas, Mil- Remarks 

Tested é “baa 

Oil, U. 8. Bbl. | lions Cu. 
Ft. 
St. Peter A. Murray Jones Dry hole 
Cambrian A.S. Reed Show oil in Trenton and at 2300 ft. 
St. Peter Fred W. Eastman Show oil 
Devonian Midwest Development Dry hole 
McClosky Neely-Young Dry hole 
McClosky Fred Phillips Dry hole 
McClosky C. C, Taliaferro Show oil 740 
McClosky Cleary & Tharp Dry hole 
McClosky W. F. Armstrong Dry hole 
McClosky H. H. Lawson Dry hole 
McClosky Davis, McElreath, Suggett Dry hole | 
McClosky Fitzpatrick & Hayes Delimit Griffin | ; 
McClosky Longhorn Oil Co. 25 Deeper production near W. Princeton 
St. Louis J. L. Taylor Dry hole 
McClosky Continental Oil Co. Show oil 1138-1143, 2366-2379 
McClosky Gwin Drilling Co. Est. 400 Extension, 
McClosky J.S. Young Dry hole 
Pennsylvanian | A. J. Walker 30 Discovery, Mackey 
McClosky Michel Bros, Co. Show oil, hole fauked 
St. Louis J. B. Bond E. limit, ‘Griffin 
Elwren? Continental Oil Co. 354 hr. Extension, Griffin : 
Silurian L. H. Choate et al. oe test in old W. Princeton 
McClosky Midwest Development Est. 50 Ext., W. Francisco 
McClosky W. R. Nicholson ; Dry hole : 
McClosky W. F. Lacy Oil—no gauge Extension, Griffin 
St. Louis Ray Ryan Delimit Griffin 
Trenton A, E. Wenning Dry hole 
St. Peter Siosi Co.—W. B. Pardoe Dry hole 
Trenton United Development Corp. Show oil in Trenton 
St. Peter Wissing, Smith, McCoun Dry hole 
McClosky Michel Bros. Co. Dry hole 
Devonian Midwest Development Dry hole 
McClosky A. C. Thomas Show oil 
McClosky Midwest Driionaay Oil—no gauge 
McClosky Young & B Dry hole 
McClosky R. 8. Young Dry hole 
L. Mississippian | M. I. T. Syndicate Dry hole 
Devonian Uland & Umfleet Dry hole 
McClosky Cherry & Kidd Dry hole 
Devonian Parshall-Graham 40 
McClosky Horton & Wiggins Dry hole 
Trenton C. E. Jefferson Show oil and Gas 940-944 
McClosky Newton Pipe Line Co. Show oil 292-298, 492-502 
McClosky Norris & Gilmore Show oil 402 
St. Peter W. B. Pardoe, Trustee Dry hole 
St. Peter R. 8. Hayes Dry hole 
Hardinsburg Walker & Rogers 0.250 
McClosky W. O. Allen, Jr Dry hole 
Chester Sun Oil Co. Delimit Heusler 
St. Louis A. Wilhelmi Dry hole 
Ste. Genevieve | Ryan & Brown Dry hole 
St. Louis Minton & Lewis 28 Extension Griffin 
Ste. Genevieve | Haynes-Thomas Oil—no gauge Plug back 409 (Penn) 
St. Louis _ Superior Oil Co. (Calif.) 41 Extension Griffin 
Ste. Genevieve | Gulf Refining Co. Dry hole 
McClosky Kenillind Oil Co. Dry hole 
St. Louis Tide Water Assoc. Oil Co. Dry hole 
Ste. Genevieve | Evans Oil & Gas Co. Dry hole 
McClosky | Superior Oil Co. (Calif.) 250 Discovery: New Harmony 
Ste. Genevieve | Sun Oil Co. F Dry hole 
A 124 flow 

Tar Sp minge thind Oil Co, 350 pump Extension Heusler 
Ste. Genevieve | Clint Crosby 75 Later abandoned 
McClos . R. Knapp Dry hole 
McClosky Kelly, Thomas, Flanders Dry hole 
McClosky . P. Hynes 36 
McClosky LeMoine & Taylor Dry hole 
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initially 1200 bbl. Production is from the Waltersburg sand from a depth 
of a little more than 2100 ft. Small production has been also obtained 
in the New Harmony field from the Tar Springs and McClosky horizons. 
As much as 60 ft. of good saturation has been cored in the Walters- 
burg sand. 

The outstanding discovery of natural gas during the year was the 
opening of the new Rockport field in Spencer County, T. 7S., R. 6 W. 
The discovery well produced initially 4.43 million cu. ft. from the 
Palestine (Upper Chester) sandstone at a depth of 888 ft. At the close 
of the year, 13 producing wells had been completed, varying in initial 
production from 2.5 to 15.00 million cu. ft. a day. The total cumulative 
initial production in this field was 100.360 million cu. ft. a day on Jan. 1, 
1940. Oil in paying quantities had not been encountered in the field at 
the end of the year, although at least one well, somewhat off the structure, 
had a good show. 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1939 


Location 
Total 
County Depth, Surface 
Ft. Formation 
Sec Twp. Rge 

67 | Spencer 8 78 6 W 1,590 | Pennsylvanian 
68 | Spencer : pail ales 68 6W 2,500 | Pennsylvanian 
69 | Spencer... 28 6S 5 W 1,219 | Pennsylvanian 
70 | Spencer... 29 78 6W 902 | Pennsylvanian 
71 | Spencer... 32 68 7W 1,016 | Pennsylvanian 
72 | Spencer... 32 7S 7W | 1,776 | Pennsylvanian 
73 | Spencer... 2 88 7W 1,412 | Pennsylvanian 
74 | Spencer... 7 78 7W 1,783 | Pennsylvanian 
75 | Spencer... 29 6S 6 W 1,544 | Pennsylvanian 
76 | Spencer 19 75 6W 892 | Pennsylvanian 
77 | Spencer 34 78 6W 1,552 | Pennsylvanian 
78 | St. Joseph 8 37 N 1E 1,637 | Devonian 

79 | Sullivan 18 8N 10 W 2,825 | Pennsylvanian 
80 | Sullivan 20 8N 9 W 2,515. | Pennsylvanian 
fab) UMTS) Ne coondanuemoEcene a O06 an eAU eae Te cot ca DOnee PR 21N 3E 1,521 | Devonian 

Quy aad er burg Wee eta cive = acctc steinnciatne ole -iaivienain iets ooe.e’muernua 1M 6 78 11 W 2,628 | Pennsylvanian 
Go) Went Giquit'dlbnoe acngerd SU OS re Hae Se apaoL pecocr oe oonae 8 68 11 W | 1,325 | Pennsylvanian 
yc \igaiti tide: sop on dope obs sac deeenpesapepnodocuor 14 6S 11 W 2,648 | Pennsylvanian 
all Wert Sern d yp pBGbob ee OF B8b> Oc aoe neEeEcocnooaadGar 17 58 11 W 2,735 | Pennsylvanian 
GM EV ar URBAN T por sect a cieieston «stele vu siatete el ahcbe ous sol surge e are 8 68 11 W 1,820 | Pennsylvanian 
Peels bid ilyd Mn Ae DSP Oe SOP DOS = TOS GEEE OrOnOerug crcion 7 78 11 W 1,908 | Pennsylvanian 
CE era Gitte deb os gon = Malo od ote a cdbeen> bauc oben a benaaao 5 78 11 W 1,797 | Pennsylvanian 
ED LMA ob sono cies SMatt > oR SEEOE oo bagnd ae ppCombuaat en atcz 21 11N 8 W 1,802 | Pennsylvanian 
(Nh, NIAC yq.co00 Sa ORE RoE SoMeins Doon. Coecaning a co.cao 20 10 N 10 W 2,296 | Pennsylvanian 
GUIMARS cacaten scab tos ono uemAae Ioepencedns Saumucne aes 33 11N 9W 2,190 | Pennsylvanian 
De VO Seema eet aniete eects sape retainers pie nae slellersaogcettee riers 13 13 N 9 W 1,617 | Pennsylvanian 
GENTS Bon knlen SR SOSMEC GUO COCO SAO c meer aere mot abo 9 6S 7W 1,633 | Pennsylvanian 
SAU AV AUTIC Koma eieais serch ee arr ie racists Rie nceeah a eieceigiese wtesaraaa 12 68S 9W 2,107 | Pennsylvanian 
OB VC ATEIC KAM epee ne re IIc Stete miorons fereta e aca aibce!gualsre tema seine 32 4s 6 W 2,813 | Pennsylvanian 
CYR CALE el ee ne tee SRPNe ope ORS On CnC nDe mn cEean cared 34 58 8W 1,961 | Pennsylvanian 
OP APAVVALTICK Meera niaye ces cinta ister ie er ekaress Gleataury sare ofa 14 58 9 W 1,960 | Pennsylvanian 
GQIAWiarrickeeman iets ce tree kre cle mhesotipila: got tieie vaste ecm ots 12 6S 8W 1,859 | Pennsylvanian 
COA WET: ceecsaccecoe bo deton goad cdandnnapaareEcontd 19 13 N 1W 908 | Ordovician 

MOON AWayTewe ese ce sare ercieiale cia pirielere aie siessisieiela\[012.cfaielasaiare + 24 13 N 2W 473 | Ordovician 
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Good McClosky limestone production was found by the Midwest 
Development Corporation, a little north of the old Francisco area in 
eastern Gibson County (Louis Wirth No. 1). Three wells had been 
drilled in this area at the end of the year. Deeper production or exten- 
sions to old fields added new life to several areas. 

One-well fields awaiting further development in 1940 included: 
Millersburg, sec. 14, T. 5 S., R. 9 W., total depth 1960 ft., initial produc- 
tion 70 bbl. a day; Unnamed, sec. 32, T.68., R. 7 W., total depth 1016 ft., 
initial production 16 bbl. a day, gravity 34°; Mackey, sec. 13, T. 38., R. 
9 W., total depth 963, initial production 60, settled 30 bbl a day; 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1939 


Initial Production per Day 
Deepest 
Horizon Drilled by - Remarks 
T : Gas, Mil- 
Oil, U. S. Bbl. | lions Cu. 
Ft. 
67 | McClosky W. W. Damron Dry hole 
68 | L. Mississippian| W. S. Tatum Dry hole 
69 | McClosky A. J. Early et al Dry hole 
70 | Palestine O. F. Kell 12.118 | Extension Rockport 
71 | Chester Trio Oil Co, 16 
72>| McClosky C. D. Neff Dry hole 
73 | L. Chester Frank Damron 20 Discovery, Enterprise field 
74 | McClosky Sycamore Oil Co. hole 
75 | McClosky A. A. Douglas Dry hole 
76 | Palestine W. W. Damron 4.43 | Discovery, Rockport gas. Casing 
pressure, 380 lb. per sq. in. 
77 | McClosky Frank Damron Dry hole 
78 | Trenton K. G. Nilsen Dry hole 
79 | Devonian Siosi Co.-W. B. Pardoe Dry hole 
80 | Devonian Hawaiian-Amer. Exploration Co. Dry hole 
81 | St. Peter Fred W. Eastman 100 M gas, 994-999 
82 | McClosky Superior Oil Co. (Calif.) Delimit Heusler 
83 | U. Chester John Baumgart Dry hole 
84 | McClosky Travis-McIntyre Dry hole 
85 | St. Louis Arab Petroleum Co. Dry hole 
86 | Chester R. E. Moore Dry hole 
87 | Chester M. L, Glaser Dry hole 
88 | Chester Earl Ford et al. Dry hole 
89 | Devonian Carl Robinson Dry hole 
90 | Silurian Vandenbark & Whitaker Delimit Prairie Creek 
91 | Devonian Ben H. Nation Dry hole 
92 | Devonian W. Spencer Dry hole 
93 | McClosky Hoosier Drilling Co. Dry hole 
94 | McClosky Gulf Refining Co. Dry hole 
95 | Devonian L. T. Phillips Dry hole 
96 | McClosky Walsh-Dye Dry hole 
97 | McClosky MeWilliams-Schwartz 70 
98 | McClosky Imperial Oil & Gas Co. Dry hole 
99 | Trenton John M. Seip Show oil and gas (855) 
100 | M. Ordovician | John M. Seip 0.20 | New producing horizon 
OtAL her. oss 2271+- 16.998 


In Proven Fields | Wildcats 
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Unnamed, sec. 11, T. 2 N., R. 11 W., total depth 2018, small oil well; 
Unnamed, sec, 23, T. 1 N., R. 10 W., total depth 3510, plugged back to 
approximately 2000 ft., initial production 40 bbl. a day. It is not known 
whether these prospects will result in commercial oil fields or whether 
they are merely ‘‘pockets” of oil as sometimes encountered. It is 
probable, however, that some future production may be expected in at 
least some of these areas. 

Pipe-line proration, limiting oil wells to two-thirds of their potential, 
continued on some of the older fields of the state. Many of these older 
fields failed to make even their 1938 allowable. Total production of oil 
in Indiana during 1939 was 1,729,564 bbl. This is 60 per cent more oil 
than was produced in the state during 1938. Production of natural gas 
continued to decline from 1244 million cu. ft. in 1938 to 871.586 million 
cu. ft. in 1939. The new Rockport field had no pipe-line connections 
until the latter part of December and no gas was sold from the field until 
after the end of the year. Many of the older gas fields in the state are 
nearing their economic limit and probably will be abandoned in the next 
_ few years. 

Leasing activity has declined considerably in southwestern Indiana, 
since most of the desirable acreage is now under lease. A large number 
of operators are interested in other parts of the state and are taking large 
blocks of acreage accordingly. It is probable that activity in 1940 will 
be as great or greater than in 1939, since many thousands of acres under 
lease are awaiting favorable weather for testing operations to commence. 


Kansas Oil and Gas during 1939 
By W. A. Ver WIEBE* 
(New York Meeting, February 1940) 


Tue year 1939 in Kansas, with a production of 57,944,300 bbl. from 
19,669 wells, shows a slight recession from the peak of oil production 
reached the previous year, when slightly over 59,000,000 bbl. of oil was 
marketed. The previous peak had been reached in 1917 with 45,451,000 
bbl. marketed. Another still earlier peak had been reached in 1904, 
when slightly less than 5,000,000 bbl. was produced and sold. The 
production of gas probably reached a new peak during 1939 with a total 
of over 69 billion cubic feet. Between the peak of the year 1908, when 
over 80 billion cu. ft. was produced, and that of 1939 the production 
dropped to 16 billion cu. ft., in the year 1921. 

During the year 1458 wells were drilled. This figure is somewhat 
lower than that given in several trade journals, because it does not 
include wells that were deepened or recompleted in a different geological 
horizon. Nearly 75 per cent (1029) of the total number of wells were 
completed as commercial oil wells (824 in western and 205 in eastern 
Kansas). The commercial gas wells completed number 71, of which 24 
are in eastern Kansas and 47 in western Kansas. The remaining com- 
pletions include 154 dry holes in eastern and 204 dry holes in western 
Kansas. Based on daily potential capacity the new discoveries of the 
year accounted for a cumulative initial production of 264,000 bbl. in 
eastern and 1,158,827 bbl. in western Kansas. 

It is interesting in this connection to note that the number of wells 
completed in the state rose gradually to a first peak in 1904, when 2782 
were drilled. The number dropped off rapidly to 368 three years later, 
but rose to the second and highest peak in 1918, when 4671 wells were 
completed. In the period between 1904 and 1912 more gas wells than oil — 
wells were completed. Between the high peak of 1918 and the somewhat 
lower peak of 1937, the low point was reached during 1931 with the 
completion of only 470 wells. 

In the matter of new pools discovered, Kansas again ranks high. 
The exact number depends somewhat upon the interpretation of a 
“new” area—whether it should be called a new pool or a long extension 
of an older pool. In some places this determination cannot be made 
until more wells are drilled within the area. Therefore, the figures given 


Summarized at meeting, manuscript received at the office of the Institute 
March 21, 1940. 
* Department of Geology, University of Wichita, Wichita, Kansas. 
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Fic. 1.—PRoDUCING HORIZONS OF WESTERN AND SOUTHERN KANSAS. 
Drawn by Edgar Rehn from data supplied by the author. 
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in this report may differ from those presented in the trade journals. 
Table 2 lists 20 new oil pools and 2 new gas pools. Trade journals are 
also inclined to list as new pools the areas in which oil is discovered in 
new producing horizons in old pools. During 1939 discoveries of this 
type were made in 17 areas. Of this total 15 new oil discoveries were 
made in new horizons present in old pools, while the other two were new 
horizons discovered in pools previously found during the year 1939. 

New Geological Information.—In most cases the new horizons were 
the same as those found productive elsewhere in the state. It is com- 
mon, for example, to find the Arbuckle productive in a pool having pro- | 
duction from the Lansing-Kansas City (formerly called Oswald), or 
vice versa. Less often the new horizon is the Simpson (sometimes called 
the Wilcox) or a formation in the Pennsylvanian system. 

Producing horizons of western and southern Kansas are shown 
in Fig. 1. 

Most Active Pools.—The most active pools in Kansas during the year 
were the Hittle pool, Cowley County; the Bemis pool, Ellis County; 
the Burnett pool, Ellis. County; the Bornholdt pool, McPherson County; 
and the Trapp pool, Russell County. Important extensions were made 
to a large number of pools during the year. In Barton County the 
Bloomer pool was extended in several directions and now has 140 wells 
as compared to 90 at the end of the preceding year. In addition, a new 
producing horizon, the Pennsylvanian basal conglomerate was found 
productive in one well. In the northeastern part of the county there 
was much drilling in and near the Prusa pool, resulting in the addition of 
17 new wells and 2 new producing horizons—the Lansing-Kansas City 
and the Granite Wash. Also, two new pools, called Prusa North and 
Prusa West, were discovered near by as a result of the efforts to extend 
the Prusa pool. In Cowley County a large number of wells were drilled 
during the year, resulting in the discovery of two new pools, the Darien 
and Rahn, and very important extensions to old pools. The important 
extensions were made in the Frog Hollow pool, which now has 20 wells” 
as compared to 8 at the end of the preceding year; and in the Hittle pool, 
which now has 61 wells as compared to 19 at the end of the previous 
year. In Ellis County the Bemis pool was increased by 45 wells and 
was also enlarged by being joined to the old Shutts pool. The name of 
the new pool is Bemis-Shutts. The Burnett pool has 65 wells, compared 
to 10 at the end of the previous year, and the Walter pool has 33 wells 
as compared to 24. In Ellsworth County, the most important changes 
are due to the fact that many wells in the Lorraine pool were plugged 
back to the level of the Lansing-Kansas City limestone. In the Graham 
County Morel pool four additional wells were drilled, bringing the total 
up to five. In Kingman County the Cunningham pool was extended 
and now has 41 wells, as compared to 36 at the close of the preceding year. 
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TaBLE 1.—List of Producing Oil Fields 


Production f Producing Horizon 
o 
: 3 
Field and Location Discovery | Area, 3 g 
Date Acres a a |& 
In 1939 | Cumulative} 2 Name & , | .| Character 
S sia 
Barber County Rhee ou 91,958 826,765} 13) __ ‘ 
731-13W July 1937 160, 12,085) 20,485 { i|Apeakio —|d'e0e] | Denise 
ce aa sfaie March 1937 80 13,420 28,829 2| Misener 4,845) 2 | Lime 
WHELAN Fs cisee.culs o's. Aug. 1934 640 66,503 243,625 9| Chat 4,355] 29 | IR 
32-31-11W 4 
pein Sein 9 ett oteelek: 7,163,458] 30,854,406} 959 aay rage 
IDSWOPED. ..010cccies « 1| Ore 2,925 im 
22-16-13 W Dec, 1936 | 5,000) 479,948) 1,209,362 { 58| Arbuckle  |3'300| 5 | Dolomite 
aie mec cptoate Jan. 1935 1,200 221,176 455,000} 14| Reagan 3,601) 15 | Sandstone 
Beaver.cscces.ieei2 deh | { read 2,900/ 6 | Lime | 
16-16-12W Dec. 1934 1,000} 139,311 667,626 19 Arbuckle | 3,348] 3 | Dolomite 
Reagan 3,335] 6 | Sandstone 
oo neipciotalele Oct. 1937 160 124,643 157,950 3| Arbuckle 3,316] 10 | Dolomite 
Bloomer 33] Lans. K.C. | 3,044] 10 | Lime 
Set Wie oi. Feb. 1936 4,000) 792,655) 3,449,126 1 fee “3 one oi Noch aets hess 
109 uckle 125 olomi 
Hedy Meio aegis Dee. 1938 Arbuckle 3,365} 2 | Dolomite 
eae Ben yedire cians Dec. 1938 600 150,354 150,354 6| Arbuckle 3,285] 14 | Dolomite 
Davidson........... 1| Sooy 3,317| 26 | Dolomite 
4-16-11W March 1928 80 8,784 37,214 { 1| Arbuckle 3,314] 21 | Conglomerate 
Eberhardt........... June 1935 160 22,379 131,880 4| Arbuckle 3,311} 49 | Dolomite 
14-19-11W 
ere sce to 
ilica Sept., 1939 
nee North..... July 1937 80 10,215 32,369 1| Arbuckle 3,328] 22 | Dolomite 
ante West...... Apr. 1938 160 41,020 59,489 4| Arbuckle 3,346] 6 | Dolomite 
Seperes TR ae ee Mar. 1936 40 5,114 41,435 1| Arbuckle 3,430] 3 | Dolomite 
9-18- 
rere ee Rene Nov. 1939 40| none 1| Sooy 3,342] 2 | Conglomerate 
14-16-12 
n. iS laa Dec. 1938 40 7,020 8,070 1| Arbuckle 3,323} 7 | Dolomite 
20-20-11 
ear eres Bemaaty tet Oct. 1939 40 355 355 1| Lans. K. C. | 3,124) 8 | Lime 
33-16-11 . 
Fe ere ant aes Aug. 1935 40 3,200 15,530 1} Lans. K.C. | 3,228] 25 | Lime 
16-19-14 ; 
HGS Pints slo o aides os Feb. 1936 160 33,830 212,798 4| Lans. K. C. | 3,270} 20 | Lime 
31-20-13 W 
Hoisington.......... 1} Lans. K.C. | 3,222} 5 | Lime 
21-17-13W Vara ley 160) 11,650) 26,635] { 3] Arbuckle | 3/440] 12 | Dolomite 
Krattcae os. .trons March 1937 | 2,200 260,160 614,518} 38] Arbuckle 3,281) 8 | Dolomite 
10-17-11W 
im ee cleietaitets a Oct. 1939 80 3,725 3,725 2| Sooy 3,327 Conglomerate 
30-16-11W : 
cemere (fen 2 | se sam] sof HIRES 
nae 4| Lans. K.C. |3,109} 6 | Lime | 
erin ae Jan, 1935 200|  43,350| 165,647} $3] Atbuckte~” | 3'235| 3 | Dolomite 
OMIT eet salen es May 1938 80 4,840 13,486 1| Arbuckle 3,340] 2 | Dolomite 
10-17-12W neh 
Pospishel............ June 1939 80 3,645 3,645 2| Arbuckle 3,548] 9 | Dolomite 
eee 2| Lans. K. C. |3.160 i Lime 
ae : ; olomite 
20-16-11 W Dec. 1938 800 116,363 116,363 1 _ aoe 33101 Granite Wash 
Prusa North......... Sept. 1939 80 2| Lans. K.C. | 3,160} 7 an ‘ 
18-16-11W May 1939 Arbuckle o pe omite 
Prusa ao sedan siecle June 1939 40 8,958 8,958 1| Lans. K.C. | 3,207 G) 
18-16-11 fs 
Rickssyeieh senneerns Aug. 1936 160 33,440 169,265 5| Arbuckle 3,355] 2 | Dolomite 
-19-11W F 
ili 7| Lans, K. C. | 2,955] 95 | Lime 
ie2oiiw Oct. 1981 | 20,000) 4,670,170) 28,186,453] {gy7| Arbuckle" | 37328) 19 | Dolomite 


oy a a ee een are 
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TABLE 1.—(Continued) 


a 


Production = Producing Horizon 
EI 
; : Discovery | Area, 3 A 
Field and Location Date Aras & é g 
In 1939 | Cumulative| .» Name Er eteus Character 
s ee lee 
Silica South joined to 
Silica Sept., 1939 
Trapp (see Russell 
ounty)....... oe 
Wolf joined to Ellin- 
wood West Jan. 1940 
Butler County............ 4,842,811 2,690 . ; 
Augusta North...... ee ns. City Bon se ae 
28-27-4E Jan. 1914 1,280] 141,620] 13,196,352| 68] yayton 2'380| 10 fonketan 
seg! 2,410! 5 poemes 
. City ime 
Augusta South...... pee : 
21-28-4E Jan. 1916 | 9,000] _ 303,315] 33,239,748 14g/4 Ht Seott |) | 1) | kime 
Arbuckle 2,600} 5 | Dolomite 
Bausinger...........| July 1929 200 8,760 5| Wilcox 3,050) 29 | Sandstone 
24-27-3E 
Bentonied. los aeek Jan. 1925 80 4,380 2| Chat 2,765} 5 | IR 
10-26-3E 
Blankenship......... Jan, 1921 1,200 78,475 90| Bartlesville | 2,650) 50 | Sandstone 
2-26-8E, 
Brand tint s)acu sjesotse June 1936 800 19,860 199,197 20) Chat 2,692) 8 |IR 
a Bartlesville | 2,700 Sandsto 
MOBS. recon detiarers artlesville | 2, ndstone 
ee Oct, 1924 400 10 abe, 2732| 10 | 
Donte baad Meats Jan. 1916 2,400 25,550 22 eo C. ane = Lime 
Elbing.<..o0.<.s.<« Lans. K. C. | 2'330| 70 | Lime 
wr Aug. 1918 | 1,800] 401,500 88) { Yank aera 
Admire 600} 10 | Sandstone 
El Dorad Lans. K. C. | 1,700} 20 | Lime 
29, BSE. Co er ee Jan, 1917 25,000! 2,700,950) 174,618,269) 1,649|< Viola 2,500} 5 | Lime 
“ Simpson 2,510} 15 | Sandstone 
Arbuckle 2,550) 5 | Dolomite 
tee .| Mar. 1939 80 15,911 15,911 2) Mis. lime 2,647| 42 | Lime 
28-28-8 
yon Dak Sage ke Jan. 1917 "5,000 135,050 164| Bartlesville _| 2,730) 40 | Sandstone 
25-28-5 
Saar AR eee ever Mar, 1928 1,600 59,860 30| Bartlesville | 2,760} 10 | Sandstone 
pare: .| Apr. 1980 80 14,600 2) Viola 2,924) 2 | Lime 
6-27- 
Haverhill (i) i.00h" Apr. 1927 700 78,840| 3,033,243 61| Bartlesville | 2,700} 50 | Sandstone 
(15-34)-27-5E 
eighley............| Jan, 1925 | 1,800/ 54,750 51| Bartlesville [2,650] 50 | Sandstone 
(14-33)-27-7E 
Ming’ cet hot pal Jan. 1937 Kans. City 2,145|120 | Lime 
17-24-4E 
Kranier Viola 3,050| 3. | Lime 
4-28-66 | Jan. 1926 500 44,895 19} < Wilcox 3,020) 15 | Sandstone 
i Re yo Se 
OD. saab autatee same - ; 7 at 2,6 
19-27-66 Oct, 1926 CO aeons 22 | Vila 3,050 | Lime 
Lea nase aratien Feb. 1926 400 69,560 304,795 8] Wilcox 3,169] 6 | Sandstone 
beet ...| Mar. 1937 80 5,255 18,400 2| Bartlesville | 2,720) 20 | Sandstone 
Madden ..c.s..0.0 5c May 1937 Lans. K.C. | 2,065|147 | Lime 
27-23-48 
Moura ear teitcatees 120 7,300 3] Mis. lime 2,667; 9 | Lime 
ettit.... ‘ Wilcox 3,160} 3 | Sandstone 
21-28-68 July 1986 Abandoned Mis. Lime |2'826| 4 |Lime 
Obi a.% fo nciehicas Kans. City |2,250} 5 | Li 
s6-248i Jan. 1921 | 3,200] 266,450 83 Mis iime 200 05 Time 
er,. * t Li 7 i 
4-27-66 June 1926 900} 118,990 271} Viola pe 3125] 25 pee : 
Sys a aa 600) ~° 17,520 932,200] 14) Bartlesville | 2,650} 50 | Sandstone 
Prien or Sere core | Mar. 1918 1,500 63,875 42 eae ee 30. | Sandstone 
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Production a Producing Horizon 
o 
i=} 
Meld and Mocati Discovery | Area, 3 § 
SS ear OIROt Date Acres ay r¥ $ 
In 1939 | Cumulative} 2 Name e& . | .| Character 
o Poe 
iS cm (Ae 
so reet Mop wrocncy 1930 160 4,015 1) Mis. lime 2,833 Lime 
Stembhofh. os <cc. Jan. 1926 160 4,745 3] Chat 2,803} 5 |IR 
7 alg 
OLE, Cob crsteiss vin inateiss .| § Chat 2,752} 8 |IR 
27-27-6E. Jan. 1928 600 85,000 16 Wola 3 150 
ere L008 199 10908 Jan. 1929 400 3,285 8| Bartlesville | 2,690 Sandstone 
PMOL Wescte cicrerotel eta socace Kans. City | 2,190) 5 | Lime 
27-26-76 1919 900) 79,205 29 { Gant 2/650 50°| IR 
Clark County «oe ccieecine 
Morrison. 5.5... 56:6 5 Oct. 1936 160 28,560 95,650 2! Viola 6,467] 4 | Lime 
17-32-21W 
COSY ig tad fy epics ots 
BTN OV oakinbiiatios eru 1,138] 12 | Sandstone 
(1-14)-23-148 LOS S865 36 { Chat 1/622) 6 |IR 
(6-18)-23-15E 
Cowley County........... 3,376,997 633 
BIrGienat ci eee ue 160 4,380 4] Bartlesville | 3,260 Sandstone 
16-34-3E 
WidGlewe i. ga. scree 600 22 { Stalnaker | 2,300 Sandstone 
12-32-46 39,055 Kans. City | 2,600 Lime 
aw West ccosecs.- Sept. 1932 Arbuckle Dolomite 
Burden Reece: Jan. 1926 1,200 64,240 33| Bartlesville | 2,865) 35 | Sandstone 
22-31-6E 
BLOW Dots a -aisntuaseous Sept. 1922 40 1,825 1 
re Layt 2,600 | Sandst 
ALSO inet rh ore ayton ; andstone 
ae Oct. 1924 400| 56,735] 2,989,558] 17 \ ret be em yr eee 
Glarke se. erateees > Jan. 1914 180 14,235 4] Bartlesville | 2,840 Sandstone 
6-31-4E 
Countryman......... 600 9,125 5| Layton 1,950 Sandstone 
4-33-7B, 
Darien... .| June 1939 200 18,536 18,536 6| Arbuckle 3,286} 1! Dolomite 
33-30-45 
IDAVId ht sce cence: July 1935 800 136,650 366,876 17| Bartlesville | 2,935] 40 | Sandstone 
35-30-4E 
David South........ 5] Bartlesville | 3,010) 19 | Sandstone 
11-31-45 Jan. 1934 200; 16,060 { 1| Arbuckle | 3/463| 3 | Dolomite 
Dextersesc fen. s. .0 1 Jan. 1903 1,200 4,015 1} Mis. lime 2,750 Lime 
24-33-6E : ; 
Dunbar... <g: joe. Sept. 1938 40 2,327 5,209 1| Kans. City 2,229) 36 | Lime 
29-30-5H 
Eastman. . .| Jan. 1924 1,200 53,290}, 2,289,124) 33] Bartlesville | 2,770/100 | Sandstone 
31-30-6E : 
Elrod... .| June 1918 Elrod sand 2,390] 10 | Sandstone 
4-32-5E 
Pails Cigys sinc ciesene os Jan. 1916 600 14,940} 1,152,276] 13} Stalnaker 2,000 Sandstone 
17-35-76 ‘ 
Ferguson West....... 200 15,000 5 
21-30-8E aes. 
Frog Hollow......... Jan. 1937 600 206,760 285,056] 19] Bartlesville | 3,089] 8 | Sandstone 
Gods oe i 10} Bartlesville Sandstone 
NGAge artlesvil 
euda Springs....-.-| May 1936 | 600| 94,114] ate,s4a] { 0) Gant pao \ ee 
Graham. . .| June 1924 800 30,295| 2,443,337) 15) Layton 2,550 eae 
9-33-35 Arbuckle 3,500 Dolomite 
Grand Summit....... 600 28,470 14 
10-31-8E 
i : Stalnaker | 2,400 
ata Jan. 1926 2,400) 1,132,120 69 | ieaakle 3,280] 8 | Dolomite 
Mahannah.......... 1918 80 13,505 2) Burgess 2,730 Conglomerate 
0-8E 
reais SUaBOC Ea Jan. 1933 600 39,420 12} Chat 3,300 IR 
8-35-3H , 
OMSeR iemivsenne ce as Apr. 1921 300 6,205 7| Ft. Scott 2,400 Lime 
Pe Abe Berea vine ie Oct. 1939 40 230 230 1| Bartlesville | 2,915] 30 | Sandstone 
hakben Bend....... Dec. 1923 2,000 397,750) 12,653,046} 115) Burgess 3,200} 50 | Sandstone 
20-33-3E : : 
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Production a Producing Horizon 
o 
i) 
; ‘ Discovery | Area, 3 A 
Field and Location Date Neves & S g 
In 1939 | Cumulative] 2 Name f& . | .| Character 
fe && |A* 
Reidyitiws< sieeve 160 2,190 3 
31-31-8E - 
Rock JF esosta sass Jan. 1923 500 68,255| 1,421,993] 25] Bartlesville | 2,760] 45 | Sandstone 
15-30-4E 
Rock West..........| Oct. 1937 160 64,480 145,879 4) Bartlesville 2,784| 18 | Sandstone 
16-30-4E : 
Rock North.........| Sept. 1937 200 20,910 30,713 5| Bartlesville | 2,807| 21 | Sandstone 
3-30-4E 
Bt Tes ic ais dato Jan, 1917 600 14,235 12| Bartlesville 3,050 Sandstone 
ee Layt 2,300 Sandstone 
GOs aioe eas sinters si ayton E ( 
15-32-48 Jan. LAG EL SO eae a | Arbucke 3/500; _ | Dolomite 
Trees...............| Jan, 1934 300 70,080 10| Bartlesville | 2,975} 25 | Sandstone 
19-30-4E 
Trnen ss «dee eet June 1937 240 42,860 117,398 6| Layton 2,232} 15 | Sandstone 
30-32-6E 
Udall civ aot 40 2,190 45,466 1 
28-80-3E ‘ 
Wethered 2) Lans. K.C. | 2,455] 9 | Lime 
9981.3 0 aan July 1935 1,000 476,095} 1,698,720 2) Mis. lime 3,065} 85 | Lime 
27| Arbuckle 3,400 Dolomite 
Mirae ass isachae ran & Novy. 1938 200 26,620 28,878 5] Arbuckle 3,519} 4 | Dolomite 
9-33-6 
’ Admire 600 Sandstone 
Winfield Peacock 1,400 Sandstone 
36-324E Noy. 1914 5,000 117,530 63/< Layton 2,300 Sandstone 
: Bartlesville Sandstone 
Arbuckle Dolomite 
Edwards County.......... 
McCarty seunporaey 
abandoned. See 
gas pools. 
Elk County. co 250.6- +203 5,000) 244,750 260 
Moline.............. Dec. 1927 Encill 1,150 Sandstone 
3-31-10E s Mis. lime _| 1,980 Lime 
Sallarn: os ise os.res es Mis. lime 2,300) 22 | Lime 
11-31-9E 
Encill. 1,100 Sandstone 
WebDinie tae s onesies Oct. 1924 Red 1,350 Sandstone 
28-31-10E : Ft. Scott 1,650 Lime 
; Arbuckle 2,286 Dolomite 
Ellis County............. 3,481,279] 10,929,507) 478 
Bemis-Shutts........| Oct. 1935 5,200} 2,309,615 7,841,663 Topeka 3,032} 8 | Lime 
16-11-17W Apr. 1936 296) Arbuckle 3,380} 2 | Dolomite 
Perley hoe Dec. 1938 40 8,775 8,775 1) Arbuckle 3,592} 11 | Dolomite 
, 1| Topeka 3,030 Lime 
Blue Mill y.6<5 ckanas Aug. 1937 640 43.160 81,569 4) Lans. K.C. | 3,072| 33 | Lime 
14-12-16W : : 1) Arbuckle 3,360} 25 | Dolomite 
Burnett Sept. 1937 tl Tere K c. | 3003 BL 
urnett.............| Sept. ans. K, C, i ime 
1-11-18W 2,000). 207,510) 835,621 { 63 Arbuckle |3:570| 4 | Dolomite 
Burnett South joined 
toBurnett May 1939 
Merety | dinnis3 sow eels June 1936 160 19,470 93,877 3} Lans. K. C. | 3,262} 88 | Lime 
wae ; .| Mar, 1937 600) 224,180 609,386) 25) Arbuckle 3,293} 9 | Dolomite 
rep arog WB ouetioy June 1937 40 7,670 28,591 1] Lans. K. C. | 3,260] 7 | Lime 
15 70 I) ae el Aug. 1927 40 1) Lans. K.C. | 3,428) 12 | Li 
20-1117 a Cc Lime 
RNS icc ieccsiate 1936 40 1,560 11,887 Uk 3,036 i 
1o-11iaW y opeka 9 | Lime 
Eig a ee SPsjeiasvateret Feb, 1937 100 615 2,608 3) Arbuckle 8,694] 4 | Dolomite 
Kraugers coves cine + July 1936 100 8,570 45,811 2 rte, 
2 i sow Sooy 735| 5 | Conglomerate 
BD Axceda eras » Lans, K. C, | 3,331} 1 i 
26-15-18W nine Arbuckle |3'600] | Dehemite 
Seber Wisner: Nov. 1936 1,000 106,350 359,579} 14! Arbuckle 3,638} 12 | Dolomite 
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Producing Horizon 


Production a 
°o 
tJ 
Field and Locati Discovery | Area, 3 
eoagen Date Acres -7 
In 1989 | Cumulative 4 Name 
= 
Peavey joined to Bur- 
nett June 1939 
enny Wahn........ Sept. 1936 40 6,570 19,083 1| Sooy 
13-15-20W 
Richards............ Jan. 1938 120 48,754 52,375 2| Lans. K. C. 
oe 
MUehweatcacces seeks Lans. K. C. 
17-15-18W Aug. 1935 700 83,880 566,473 14 enki 
Shutts joined to Bemis 
Sept. 1939 
Solomon............ June 1936 160 4,280 30,401 3} Arbuckle 
eee 
OMUGI ie 5 aeyeieis teeters Lans. K. C. 
8-14-17W Dec. 1935 200 35,350 115,376 5 Arbuckle 
DOtbeavcsaec usar Nov. 1936 160 52,060 98,103 4) Arbuckle 
12-13-18W 
ae abandoned Eso 
DURE ne 1} Tope 
o-12-18W May 1936 | 1,200] 227,910] 638,329] $41] ,°Pomy 
a ai Ba Soba 1,174,735) 13,074,063) 167 i ao 
POXONGE etoile ere ciaicvare.« 1) Lans. K, C, 
7-17-10W Sept. 1932 700 119,500 918,312 Ace sna. 
MSIoni es. east oe Oct. 1930 320 18,250 324,446 5| Arbuckle 
Cel iedid ae, ae 
OMrANON is. Ae ans. K. C. 
an Nov. 1934 | 5,500/ 602,635} 7,290,204 {§ enn 
Schroeder joined to 
Wilkins Apr. 1939 
Stoltenberg.......... June 1931 800 130,030} 2,249,169 22| Arbuckle 
21-16-10W 
Dirstmian’ jo ccca.. ook Mar, 1931 600 79,220 1,924,125 17} Arbuckle 
1-17-10W 
Wilkins (now includes 
Schroeder)........ Apr. 1934 800 225,100 367,807] 19] Arbuckle 
13-17-10W 
ee ohgad cae el erte pr aiers ay 
Gee saan ie June 1938 800 35,220 53,105 2| Mis. lime 
27-21.-34W 
Graham County.......... 
ONOLA SESS ea siee.d Apr. 1938 1,200 18,352 18,352 5| Arbuckle 
15-9-21W 
Greenwood County........ 3,012,670 2,610 : 
Atyeo-Pixlee......... Jan. 1923 1,000 127,750 96] Bartlesville 
6-22-10E wre 
Blackwell........... Jan, 1923 1,000 5} Mis. lime 
16-24-13E 
Brinegaris.. oo. .v6 500 31 
33-26-13E , 
Browning 205.0 Jan. 1924 3,800 148,555 93] Bartlesville 
8-22-10E : 
Burkett. ........2... Jan, 1924 2,700 69,350 102] Bartlesville 
13-23-10E r 
Ghristy ese se aas. s 2,000 4,380 11} Bartlesville 
36-24-12 ; 
DeMalorie-Souder. . .| Jan. 1924 4,500 227,760 126] Bartlesville 
19-21-10E eee: 
Dunaway........... 1,000 70,455 60] Mis. lime 
4-22-13 Meh 
BAPOKAS SF devs sic. cass Jan. 1920 1,200 23,725 15} Mis. lime 
35-35-10E : 
Fankhouser......... Jan. 1926 2,500 47,085 65] Bartlesville 
32-21-12E 
Gglitievan: Savin cecs Aug. 1926 500 10,170 223,744 3 
6-24-11E A 7 
Hamilton,.......... Jan, 1929 3,000 93,075 94) Bartlesville 
ley aeanienei? 
ndon ee: 
eee ae 200, 14,285 13| Mis. lime 
24-1 : 
fee Bare wrtttata is Jan, 1927 2,600 124,465 108} Bartlesville 
5-22-1215 ’ 
Madison): .....220. Jan. 1921 3,000 185,055 102) Bartlesville 
1-22-11E 


3,653 
3,332 


3,422 
3,572 


3,629 
3,298 


3,512 
3,707 


3,160 
3,619 
3,140 
3,368 
3,269 
3,060 
3,200 
3,333 
3,255 


3,260 
4,654 
3,718 


2,327 
2,327 


2,314 
2,000 
1,500 
2,150 
1,800 
2,000 
1,750 


1,765 


1,600 
1,650 


3 
41 


18 
10 


12 
27 
2 


140 
5 


14 
16 


20 


10 


50 


72 


50 


Character 


Conglomerate 
Lime 

Lime 
Dolomite 
Dolomite 
Lime 


Dolomite 
Dolomite 


Lime | 
Dolomite 
Lime 
Dolomite 
Dolomite 
Lime 
Dolomite 
Dolomite 


Dolomite 


Dolomite 


Lime 


Dolomite 


Sandstone 


Lime 


Sandstone 
Sandstone 
Sandstone 
Sandstone 
Lime 
Lime 


Sandstone 


Sandstone 


Lime 
Sandstone 


Sandstone 
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Production a Producing Horizon 
Co 
t=} 
Field and Location as —_ z S é 
In 1939 | Cumulative} Name fe .\.| Character 
2s of, tak 
S EO” Oe 
Polhamus.\.o5.02-0 23 Jan, 1922 1,400 28,105 45| Bartlesville | 2,170 Sandstone 
27-24-96 
Snigy 2h Aveo: ates Jan. 1926 3,600 205,860 115) Bartlesville | 1,420 Sandstone 
18-25-14E rele ; 
Reece ean 1,200 47,815 21| Mis. lime 2,100 Lime 
21-26-9E 2 
Sallyards .| Jan. 1921 8,000 143,080 132) Bartlesville | 2,350/150 | Sandstone 
17-25-9E 
BOOth RE See cyt ety te Jan. 1925 2,500 114,245 73| Bartlesville | 2,525) 75 | Sandstone 
19-23-95 
Seeley-Wick .| Jan, 1922 7,000 268,640 329] Bartlesville | 1,930) 45 | Sandstone 
22-22-11E : 
Smith-Jobe (near- oe ; 
Blackwell)........ Sept. 1938 Mis. lime 1,662) 3 | Lime 
10-24-13E g 
Teeter..............| Jam. 1922 4,000 220,460 207| Bartlesville | 2,400|150 | Sandstone 
36-22-98 
Teichgraber......... 900 22,265 22) Bartlesville | 2,450 Sandstone 
2-25-8E 
THI aaacae ee 1921 7,000 155,125 255) Bartlesville 2,190)166 | Sandstone 
28-23-10E . 
Virgil Bartlesville | 1,550 Sandstone 
13-3419R ee ok Jan. 1916 4,800 123,370 130) + Burgess 1,700; 10 | Conglomerate 
a = bcheogii el ee 1,700 Paes 
irgil North......... artlesville | 1,550 andstone 
3-23-13E i 204] { Mee time |1700| _ | Lime 
bres SRA ORDA EN ma ti 2,500 52,560 46) Bartlesville | 1,860) 15 | Sandstone 
7-24-11 
Wilkerson........... 1,300 16,060 14| Bartlesville | 2,300 Sandstone 
6-25-9E 
Willard... 2.2.06... 1,000 14,965 3 
7-27-11E 
Harvey County....... A 921,770} 19,047,417| 131 
Wstead ecco ne April 1929 1,200 175,480 1,044,186 20) Chat 3,005) 30 | IR 
36-22-2W 
Hesston now included 
with Graber, Mc- 
Pherson Co....... 
ce K.C. sere = ae 
, at ,195| 1 
bg a ol Dec. 1931 | 1,500| 682,790} 17,755,207} 104|~ Hunton | 3,507| 2 | Lime 
Wilcox 3,500} 14 | Sandstone 
Pct arg : os — 
IPETHING Sc ceicce sca 3 unton 279 ime 
epee Jan, 1935 500/ 63,500 248,024 7 { Wiens Faa7| 16 | Benistone 
Kingman County......... 
Gan, aay K. C. | 3,390 sy cat 
unningham........ iola 3,925 ime 
30-27-10W Jan. 1931 1,400 253,985 1,917,533 40 Wilcox 4'055| 39 | Sandstone 
: Arbuckle 4,094} 15 | Dolomite 
Kingman abandoned. 
Sheperd shut in...... 
Marion County........... 377,330 151 
eres Macchi Sept. 1920 2,400 33,945 18} Viola 2,330} 5 | Lime 
Florence iiss... esa Dec. 1929 3,000: 45,000 19} Viola 2,300} 10 | Lime 
20-21-5E 
ee COOTER Oct. 1927 300 59,495) 1,707,084) 13} Viola 2,800 Lime 
Pn iri cesesess| Sept. 1926 2,400 206,400 61) Chat 2,365 IR 
reset Ue Thad Sept. 1929 3,000 32,485 40] Viola 2,532 Lime 
walle rid riaac ec taaee ae ere 63,352,120) 599 
ornholdt...........| Aug. ,288 74,936) 16] Chat ‘ 
30-20-51 - ate 3,292] 43 | IR 
ornholdt North. ...} Dec. 1939 40 1) Chat 
inaoaw a 3,304| 38 | IR 
Poche North....... July 1936 40 17,090 50,768 1| Chat 2,803] 29 | IR 
energie cuee Jan. 1929 | 700] 118,965] 1,126,460) { 98} Lens KC. 12,363) | Lime 
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Production =i Producing Horizon 
Di 3 
Field and Location iscovery | Area, 3 e 
Date Acres & a |& 
In 1939 | Cumulative| Name =a Be .| Character 
= Se cis 
Graber (includes 3} Chat IR 
Hesston),.........| May 1934 | 2,800] 1,059,645] 4,191,978|2 ,,2] Misener 3,323/ 3 | Sandstone 
32-21-1W ey! 121) Hunton 3,274| 24 | Lime 
Johnson Feb. 1932 1,200 94,215) 2,456,565 15 fee eal if 
35-19-3W peeeeeen eres : . , »496, at 3,032) 14 | IR 
eee be all ney Jan. 1938 160 13,675 17,732 2) Viola 3,352] 21 | Limestone 
Lans. K. C. | 2,340) 55 | Lime 
ea er aes Sept. 1926 | 2,000] 29,380 802,485) 29 } chat ~ | 2%967| 11 | IR 
Viola 3,140} 60 | Limestone 
Rits-Cant rites KC: aa + Lee 
z-Canton......... at 1935 
1-20-2W July 1929 13,000} 1,726,150) 32,186,873} 265 Viola 3'412| 2 | Limestone 
Wilcox 3,440| 4 | Sandstone 
SROXDUTYS o<cac- ee ace Nov. 1938 250 58,690 59,255 6] Chat 2,684} 5 |IR 
18-17-1W 
re Chat 3,095| 13 | IR 
ee see Aug. 1929 | 3,500] 572,440| 22,385,068] 105|4 Vola 1 3,801) 3 | Limestone 
Arbuckle 3,394| 10 | Dolomite 
Ness County............- ; 
ey ar he Oct. 1929 | 2,000 62,315] 118,156) 11 { Mis lene ft 
Norton County........... : 
Van Patten.......... May 1939 40 1| Lans. K. C. | 3,475) 21 | Lime 
26-4-21W 
Pawnee County........... 
Pawnee Rock........ Sept. 1936 640 43,695 81,762 6| Arbuckle 3,825| 16 | Dolomite 
13-20-16W 
Phillips County........:. 
Bow Creek. May 1939 40 3,525 3,525 1) Lans. K. C. | 3,111) 53 | Lime 
25-5-18W 
PRO COUNNY aa onus ov oye 23,963 43,686 4 
INOS ae cactaoon rete Dec. 1939 40 218 218 1| Viola 4,267| 16 | Lime 
7-28-11W 
ae eae Aug. 1937 160 23,745 43,468 3} Simpson 4,292| 7 | Dolomite 
11-27-13W 
Reno County............- 3,869,652| 31,929,293} 528 
Abbyville........... Jan. 1927 1,200 27,705 346,978 4|Lans. K.C. |3,540} 9 | Lime 
carne 1| Viol 3,890} 19 | Li 
0. Sep ante eee iola ; ime 
25-22-5W SERS 500| 188,240] 222,359 45] Simpson _|3°807| 5 | Sandstone 
346 a ae 42 i 
Burton ..0s.. 006 os 92} Hunton ‘ 6 | Lime 
93-23-4W Feb. 1931 5,000} 3,099,000} 27,962,307 1) Wilcox 3'793| 4 | Sandstone 
é 2) Arbuckle 3,775} 9 | Dolomite 
Pilpercritac sie seas Mar. 1934 600 250,600 1,509,459 33) Viola 4,062} 5 | Lime 
16-26-4W ; : ks 
oe Dee. 1935 | 1,800 295,256) 1,825,670/{ 9] vans KC: | 2498) 48 | rine 
VOGGraees fac enacs Oct. 1935 500 8,852 62,520 6| Chat 3,450} 51 | IR 
34-24-5W 
Rice Countyn.. otercen. « 6,824,105} 46,548,219] 741 ’ 
Brandenstein........ Noy. 1933 160 17,430 343,851 2) Lans. K. C. | 3,014} 12 | Lime 
10-19-10W : 
BredfeldG;..02... 5.2... Apr. 1937 40 3,280 12,446 1| Arbuckle 3,223) 17 | Dolomite 
7-18-9W ’ 
Bredfeldt West...... Dec. 1939 40 1| Arbuckle 3,260] 8 | Dolomite 
12-18-10W A 
Campbell ...5.....0.5: Jan. 1938 800 416,750 438,650 19] Arbuckle 3,195] 13 | Dolomite 
28-19-9W 
Bas 4| Lans. K.C. | 2,942) 12 | Lime 
32-19-9W Mar. 1931 | 4,800) 1,651,564) 18,689,991 {133 Arbuckle | 3/246] 38 | Dolomite 
Cramm joined to 
Chase Jan, 1940... 
te pone os 
ar. : : 
bay Ree cate Sept. 1936 160 15,050 90,714 2| Arbuckle 3,291] 20 | Dolomite 
13-19-10W 
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Field and Location eon ty 
Edwards: ... 0s ase. 3» Jan. 1936 
3-18-8W 
Geneseo; .4.5.scse nes May 1934 
Gabers 
OPI ss ctntnia'c Seine 
16-18-9W July 1935 
Habiger joined to 
Bloomer May 1939 
Haferman........... June 1936 
6-19-9W 
INS Mase taecawaae July 1938 
8-18-10W Sept. 1938 
Keesling............ Apr. 1935 
10-20-9W 
ONS Wircte tio aS ticle Nov. 1939 
14-20-8W 
Midways.% 2... Seaute Apr. 1939 
a 
WEE H canes hoa de 
97-18-10W July 1932 
Pope ee a. «ite June 1930 
33-18-9W 
PONDG Neate fatten Apr. 1936 
28-21-7W 
Proflitt sete st: caer Dec. 1938 
ele 
ymond... 63. 
21-20-10W June 1929 
Rickards, 2 css esaca a: Oct. 1935 
22-18-9W 
Silica See Barton Co. 
Soeken juined to 
Chase Jan. 1940... 
GUIS, o dcienc tetven's May 1935 
4-18-10W 
Welohs tncshinsatint Apr. 1924 
2-21-6W 
Welch North........ June 1937 
23-20-6W 
Wonke tia a oases su Mar. 1935 
7-20-10W 
Wenke West......... Oct. 1938 
18-20-10W 
Erie os Fin heaters Sept. 1933 
11-21-7W 
Wherry Fast........ Sept. 1937 
12-21-7W 
pore County sede oc dcente 
OPE é cdlcin ora. tabie ‘ 
31-8-17W Apr. 1934 
Rauhinetiwec. tur Feb. 1936 
12-6-18W 
WAGON, cir Sedat Jan. 1928 
3-10-16W 
PRON isl snare wp stare tes July 1927 
11-9-16W 
Nyra abandoned..... 
MOOKUON. 3s Sua Cees Apr. 1937 
26-7-17W 
Westhusin........... Nov. 1936 
11-9-17W 
Dine hoe iia cBathate Sept. 1934 
26-10-19W 
Rush County...........5. 
Obtains ss ont cei July 1934 
as de 
REC OIC Cer E 
15-16-16W Dec. 1936 
Russell County........... 


Allon joined to Gur- 
ney May 1939..... 
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Area, 
Acres 


2,000 
4,600 


160 


700 


80 
700 


40 


600 


80 


Production a Producing Horizon 
° 
i] 
£ g 
a a 
In 1939 | Cumulative! 2 Name | .|& || Character 
s a |A* 
536,280} 1,610,998] 54] Arbuckle 3,278] 5 | Dolomite 
1,226,375] 3,765,599) 143/ Arbuckle 3,132| 40 | Dolomite 
Lans. K. C. | 2,884/141 | Lime 
10,465, 228,639; 3 { Atbeckle 3,227| 3 | Dolomite 
62,045 339,938 9| Arbuckle 3,192) 24 | Dolomite 
Lans. K. C. |3,000| 19 | Lime , 
11,240 17,142/ 1!) Arbuckle | 3,254| 14 | Dolomite 
293,375) 2,337,461) 43] Arbuckle 3,239] 26 | Dolomite 
887 887 1) Simpson 3,280} 4 | Sandstone 
35,689 35,689 6| Arbuckle 3,244! 19 | Dolomite 
2} Lans. K.C, | 2,915} 21 | Lime 
73,585 580,762 { 11| Pre-Cambrian/ 3,240} 3 | Quartzite 
83,230} 1,097,270 10} Arbuckle 3,252} 19 | Dolomite 
5,456 20,497 1| Sooy 3,388] 40 | Conglomerate 
1,553 1,553 1) Arbuckle 3,227} 8 | Dolomite 
4| Lans. K.C. | 3,130) 10 | Lime 
230,140) 5,522,353 { 28| Arbuckle | 3,330| 21 | Dolomite 
6,780 44,710 1| Wilcox 3,285} 20 | Sandstone 
Arbuckle 3,324| 41 | Dolomite 
170,597 662,210) 25) Arbuckle 3,229] 38 | Dolomite 
129,900] 4,087,020} 28] Chat 3,370] 44 | IR 
8,870 30,131 3} Chat 3,334) 32 | IR 
50,985 209,422 7| Arbuckle 3,360) 13 | Dolomite 
10,280 10,656 2| Arbuckle 3,292) 5 | Dolomite 
1,260,887} 5,367,561} 193] Sooy 3,358] 22 | Conglomerate 
19,799 52,128 3} Sooy 3,455) 14 | Conglomerate 
262,370 824,984 4 Lans. K.C sails IL: 
ns. K. C, ; ime 
36,970 77,020 { 4| Arbuckle  |3/409| 10 | Dolomite 
7,210 33,100 2) Lans. K.C. | 3,128} 22 | Lime 
1,600 10,211 1| Lans. K.C. | 3,115] 6 | Lime 
105,720 353,046} 13} Lans. K.C. | 3,228) 33 | Lime 
6,880 22,695 2|Lans. K.C, | 3,118] 62 | Lime 
85,990 238,213 9) Lans. K. C, | 3,231) 11 | Lime 
18,000 90,699 4/Lans. K.C. | 3,340) 9 | Lime 
451,815} 1,150,856) 21 
445,390} 1,108,527) 17| Reagan 3,527} 9 | Sandstone 
3|Lans. K.C. | 3,243] 4 | Lime 
aad NL ica { 1| Arbuckle | 3;537| 8 | Dolomite 
10,298,012} 55,577,530) 1,410 


— a 
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TaBLE 1.—(Continued) 


| Production 2 Producing Horizon 
i] 
Field and Locati Discovery | Area, 3 7 
ase ava ae Date Acres -¥) -% g 
In 1939 | Cumulative) 2 Name mite E> .| Character 
E S& |e 
Anschutz............ Apr. 1936 80 23,250 i 
ara pr 85,637 2| Arbuckle 3,311] 16 | Dolomite 
Atherton (now in- 
cae oe and 
ALCAN DE ec -csaters 9| Lans. K.C. | 3, i 
30-13-14W July 1935 | 1,800) 197,189/ 604,214 { 38) Aopeckia” 3 284 *t | Dolomite 
esky North...... June 1939 40 2,119 2,119 1) Arbuckle 3,130} 3 | Dolomite 
Balta joined to Ather- 
ton Jan. 1940...... 
Balta North Joined to 
Atherton Jan. 1940 
Benso joined to Gor- 
ham Jan. 1940..... 
Big Creek 2) Lans. K.C. | 2,908} 42 | Lime 
SB TAIEV July 1935 900 255,620} 1,224,783] + 24) Gorham 3,152] 5 
hee 4 paw ee 5 Peis 
ig Creek East...... 1) Lans. K. C. ,180 ime 
31-14-14W July 1938 80) 15,875 20,107 { 2| Arbuckle |3,149| 4 | Dolomite 
Boxberger. . ...-}| Dec. 1935 160 12,677 116,200 4|Lans. K.C. |3,147| 4 | Lime 
36-15-15 W 
Bunker Hill......... Oct. 1935 160 10,445 53,912 3] Lans. K.C. | 2,965} 16 | Lime 
31-13-12W 


Coralena joined to 
Trapp Sept, 1939... 
Coralena East joined 
to vacate March 


TSO Fee hac cys 
Gain South joined 

to Coralena May 

MOSS Wt ceccens. st 
Donovan............ Feb, 1935 40 6,665 26,676 1) Lans. K.C. |3,198} 7 | Lime 
10-15-15W 
Pet Scheme Oct. 1935 160 14,153 130,377 2| Arbuckle 3,275| 3 | Dolomite 
Bichman:... i2}...220)... May 1935 800 39,730 578,315 6| Arbuckle 3,316] 10 | Dolomite 
34-15-13 W ' 
Fairfield...) Dec. 1938 40 3,831 3,831 1) Arbuckle 3,352] 25 | Dolomite 
Fairheld North Tans) K. Gy 13.112 Au 

airfie! lorthjvea 2| Lans. K. C. f ime 
16-15-13W Jan, 1039 80; 84,218 34,218 { 2] Arbuckle /3832/ 2 | Dolomite 
pl 040) oe ee ans. K. C. | 2,950 ime 
8-12-15W Nov. 1923 3,600 648,290) 13,812,764) 145 {Ganka 3.211] 6 
JPOSUGE sochiwyers oo oeso'e May 1938 40 5,550 10,570 1|Lans. K.C. | 3,114) 2 | Lime 
19-15-15 W 
Gideoneth icles. acne June 1930 Sooy 3,266] 7 | Conglomerate 
8-15-14W, : 
Gorham (includes Oct. 1926 1| Tarkio 2,525) 25 | Lime 

Dumler, Milberger, 9| Topeka 2,765)105 | Lime 

Peterson, and Sulli- 6,000} 2,126,470} 14,849,948|< 140] Lans. K.C. | 3,027) 30 | Lime — 

WAI) Cieie crore welesioiens 2| Arbuckle 3,289] 4 | Dolomite 
5-14-15W 131 eee . 4s : ae 
Green Vale.......... 7| Lans. K. C. i ime 
4-15-12W Apr. 1938 200| 3,465 G5.21205 4 Arbuckle “| 3,267) 21 | Dolomite 
Gurney. 6 fied 3} Topeka ; ime 
33-14-14 Mar. 1935 | 2,000] 639,655) 1,371,048) } gi) Lans, K.C. | 3,001]. 5 | Lime 

9} Gorham 3,165) 3 | Sandstone 
2| Pre-Cam. 3,275| 5 | Granite 


Gurney South joined 
to Gurney Sept. 
1939 


meee abe 110] Land. K. ©. |2,985|100 | Lime 
and Letsch 8.).....| Oct. 1931 | 2,000] 1,234,481] 2,395,522|4 12| Reagan =| 2.180) 2 | Burne 
30-14-13 W 1| Pre-Cam. 3,156| 25 | Granite 


Hall North ages 
with Hall, 1988. 

Kearstenss. Gi ccnt Oct. 1935 160 26,155 145,350 4) Arbuckle 3,315} 4 | Dolomite 

ys dw 

Letsch joined to Hall | 


Aug; 1989... s. sta 


ee CO—e 
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TABLE 1.—(Continued) 


Production a Producing Horizon 
co 
t=] 
Field and Location wi cot ae pe z g 
In 1939 | Cumulative] 2 Name wm Ss Character 
: Sal al 
Letsch South joined to 
Hall Jan. 1940..... 
Michel joined to Gur- 
ney Sept. 1939.... 4 
Neidenthal.......... Aug. 1934 600 69,440 794,848 10) Arbuckle 3,246} 4 | Dolomite 
23-14-15 W 
Russell. sy eau meae 3| Lans. K.C. | 3,195} 9 | Lime | 
22-13-14 W Feb. 1984 | 1,200] 360,880] 4,082,396] { 46) Arbuckle |3/280| 6 | Dolomite 
Schneider joined to 
ee hoa ed Dec. 1939... Tans. K.C. 13.0881 9 |i 
Te eee ns. K. C. |3, ime 
Sopra July 1929 | 1.200| 201,845] 2,205,973 28] { Kans. 1h. O- | 3.885) 8 Dolomite 
Smoky Hill.......... Feb. 1938 80 11,268 21,601 2} Lans. K.C. | 2,950) 9 | Lime 
2-15-14W 
Steinert.2..5c8 secs Mar. 1936 40 5,160 31,892 1| Lans. K. C. | 3,060} 36 | Lime 
21-15-15W - 
eal aprer ee alias o |288| 3 |e 
oralena an ns. K. C. i ime 
Schneider ieee Oct. 1939 17,920} 4,083,741) 13,013,806 1| Sooy Conglomerate 
23-15-14W 500) Arbuckle 3,252} 1 | Dolomite 
Trapp West......... July 1939 160 9,648 9,648 3} Arbuckle 3,249) 7 | Dolomite 
15-15-14W ; 
Vausk 21| Lans. K.C. | 3,004} 30 | Lime 
mae Apr. 1937 | 1,000} 208,555} 567,831 { 2| Gorham 3,282) 7 | Sandstone 
ear 4| Arbuckle Dolomite 
Williamson.......... Feb. 1936 160 8,905 38,623 2| Tarkio 2,522! 28 | Lime 
9-14-14W 
Scott County. occ sico.teosteare 
Shallow Water....... Dec, 1934 600 257,460 749,962 8} Mis. lime 4,670) 16 | Lime 
15-20-33 W 
Sedgwick County......... 1,203,433] 38,685,952 
Pate i South. ..... Nov. 1937 80 4,308 15,372 1| Wilcox 3,098} 1 | Sandstone 
Bentley.............| Apr. 1934 Lans. K.C. | 2,911 Lime 
19-25-1W 
Cross ees, Kaoseta.t Apr. 1929 160 3,910 66,210 2|Lans. K,C. | 2,690) 40 | Lime 
27-25-1W 
ee a Aug. 1929 | 1,000] 223,745] 7,691,661| 47 (Vl Reet Bip oc 
ree gs North. .| Aug. 1938 80 3,881 3,881 2} Viola 3,258] 4 | Lime 
Goodrich Lans. K. C, 2,614 2 | Lime 
16-2518 4 Dec. 1928 640 266,300) 2,413,200 34| < Chat 3,010} 10 | IR 
re oo : Lime 
A “hat 865 
Greenwich.......... May 1929 700} 255,500} 6,086,162/ 43] Viola 3,321] 5 | Lime 
14-26-2E ~ 
Wilcox Sandstone 
bret) Reb oer bans Lae 40 2,460 135,340 1| Burgess 3,489) 2 | Sandstone 
er Tania ete n NOR Leon, 40 3,154 8,370 1| Wilcox 3,489} 2 | Sandstone 
RODUINGA Scala v:teen = June 1929 420 117,680} 2,777,847} 51) Chat 3,090) 12 | Lime 
20-28-1E 
Misener 3,368) 7 | Lime 
Valley Center........ Aug. 1928 | 1,500] — 322,495| 19,537,909] 70| 4 Lans, K. C. | 2'579| 13 | Lime 
1-26-1W : 
Viola 3,366] 2 | Lime 
Stafford County.......... 2,328,482) 6,834,921) 306 
Bonhams. ms; d00n Apr. 1938 Arbuckle 4,210] 10 | Dolomite 
28-25-12W 
Erg ee ee Nov. 1937 800 70,345 139,178 9} Arbuckle 3,693] 12 | Dolomite 
tata Ree ra, May 1938 120 30,775 37,714 5| Arbuckle 3,641) 7 | Dolomite 
Gates...............| May 1933 640 98,090 489,118) 11) Arbuckle 3,679 
lie ad s ‘ 39 | Dolomite 
ordan..............| Nov. 1936 160 33,740 130,427 4) Lans. KC. | 3,722 i 
ged - ns: 5 | Lime 
ip vpa. eaves an. 1937 80 17,685 57,601 2} Lans. K. C. i i 
2iedbiaw ; ans. K.C. |3,827| 79 | Lime 
BDNE RE icpaee cact r. 1938 300 26,832 i 
oR aw Pp 6,83 7| Arbuckle 4,153} 10 | Dolomite 


Seen 
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In McPherson County a great deal of excitement was created by the 
finding of important quantities of oil in the ‘‘Chat”’ horizon. The Born- 
holdt pool, which was discovered in August 1937, was neglected during 
the year 1938, but during 1939 a revival of drilling brought the total 
number of wells to 14 and also resulted in the discovery of a new pool 
called Bornholdt North. The only other pool in the county that received 
important attention was the Roxbury, where the five additional wells 


TABLE 1.—(Continued) 


] 
Production a Producing Horizon 
o 
=] 
Field-and Locati Discovery | Area, 3S la 
ield and Location Date ie E “3 g 
In 1939 | Cumulative} 2 Name & . | .| Character 
cE em |e 
Maxternen. ake care 1) Lans. K.C. | 3,356) 16 | Lime 
35-21-12W Aug. 1938 30) 17,056 17,583 { 2| Arbuckle  |3,570| 5 | Dolomite 
cae Se ee ae Mar. 1938 80 41,078 71,970 2| Arbuckle 3,594} 7 | Dolomite 
Rattlesnake......... Oct. 1938 40 8,710 11,089 1) Lans. K.C. | 3,608) 48 | Lime 
13-24-14W 
SNe see aie ares Oct. 1930 1,200 450,720] 3,365,966 59| Arbuckle 3,537| 62 | Dolomite 
Stavohnee s.05.-6 20 = Apr. 1935 1,200 158,200 Lans. K. C. | 3,588] 32 | Lime 
23-24-13 padoaes a {Xrbuekle 4,075| 12 | Dolomite 
REGHOR. Sones cini- Pearce ans. K, C, ,278 ime 
33-21-12W Aug. 1987 | 600[ 91,270) 174,981] { 4] Arbuckle [3'600| "6 | Dolomite 
— oe [ave May 1938 240 26,125 31,669 6| Arbuckle 3,594] 6 | Dolomite 
Snider MAA Era ee aS 1| Simpson 3,362| 6 | Sandstone 
3-21-11W Apr. 1936 320] 19,256) 141,770 { 3| Arbuckle —_ | 3.324| 18 | Dolomite 
paier ath oe Pete nage Aug. 1938 80 9,730 12,429 2} Arbuckle 3,402} 7 | Dolomite 
pore Hossa nna Sept. 1937 4,000} 1,296,780 1,671,536] 167| Misener 3,804| 20 | Sandstone 
24-11 
Sumner County.......... 1,380,625| 39,986,987| 276 
as ie eee (Oct. l9ad 40 6,700 29,298 1| Wilcox 4,394| 7 | Sandstone 
2-30-4 
@aldwell.:.........- May 1929 160 58,400 1,276,200 4| Wilcox 4,765| 19 | Sandstone 
17-35-3W : 
@hurcchill -...,:.:..- July 1926 1,000 195,965] 18,143,957} 69] Stalnaker 1,820) 25 | Sandstone 
25-31-2E 
Datla ment asec on Lans. K. C. | 3,042) 14 | Lime 
9-30-2W Pune 1027 200 E715) 42,282) 2 {Tans C. | 3/200] 10 | Lime 
Oxfordiendacecuens 13} Stalnaker 2,020 Sandstone 
23-32-2E Aug. 1927 800 299,140) 14,033,175 6| Layton Sandstone 
40| Arbuckle 2,890} 3 | Dolomite 
Oxford West......... May 1926 160 16,375 475,874 3| Arbuckle Dolomite 
17-32-2H 
Padgetty. i..050-50 6 Oct. 1924 1,800 81,395 1,770,638 20] Chat 3,474] 28 | IR 
23-34-2E 
Rainbow Bend West. Burbank Sandstone 
24-33-28 ca ‘ 160 5,840 3 yer Dolomite 
Rutter cc ncce. July 1926 40 12,650 39,241 1| Chat 3,315 IR 
21-33-2E 
Vernon North....... July 1915 200 36,585 182,466 5| Chat 3,443] 22 | IR 
15-35-2E : 
Wellington.......... Dec. 1929 1,200 664,540] 3,989,202 99| Chat 3,655] 11 | IR 
33-31-1W 
Wig nateleetec aes eeers Noy. 1937 40 1,260 4,704 1| Wilcox 3,866] 3 | Sandstone 
it ier 43,380 548,580 13 
t Pe y' y . 
be iusler - Bae Cae Dec. 1936 40 4,380 14,188 1| Arbuckle 3,830} 8 | Dolomite 
36-12-21W ; 
Wakeeney..........- Oct. 1934 39,000 340,670} 12|Lans.K.C. | 3,619) 8 Lime 
14-11-23W 
Woodson County......... 276,305 
Big Sandy..........- 12,045 20 
14-26-14 
Hoagland..........- 18,980 16 
2-24-14 
WWAOCO Ne artes eens orice 10,585 12 
2-23-15E se ; ‘ 
ee Pt Te 98 7,700 234,695) 225] Mis. lime 1,575| 65 | Lime 
15-23-14 
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Field and Location 


Barber County 
Medicine Lodge. . 
13-33-13 W 

Barton County 


Albert—See Otis in mig County 


Prusa North..... 
17-16-11W 

Clark County 
Morrison........ 


Ford County 
Pleasant Valley. . 
34-27-21W 


Harvey County 


Haskell County 


Satanta Gas (see Hugoton) 


Kingman County 


30-27-10W 


McPherson County 
Moundridge..... 
12-21-2W 

Pratt County 


Tisi6w 


.| Dec, 1931 


-| Oct. 1924 
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TaBLE 2.—List of Producing Gas Fields 


Discovery | Area, 
Date Acres 


Jan, 1927 5,000 


1939 160 
Nov. 1928 
May 1929 40 
July 1938 


Jan. 1935 600 


Production, 
Thousand Cu. Ft. 


6,380,558 | 36,437,112 


7,701 7,701 


53,792 


189,736 


65,878 | 6,196,878 


(Included with Cairo in Pratt County 


Mar. 1938 
Nov. 1935 


Sept. 1930 


Oct. 1934 800 


June 1935 160 


July 1888 
July 1933 


Oct. 1937 


1,500 
640 


160 


Mar. 1930 | 15,000 


Aug. 1937 160 


March 1939 640 


1,200 


Dec. 1929 1,200 


2 mil- 
lion 


12,000) 2,453,079 


5,000} 6,387,118 


6,516,578" 


8,525,362 


7,438,314 
36,923,118 


861,461 


2,838,722 
460,465 


769,577 


5,051,284 


1,195,782 
8,062,919 | 44,426,000 
648,758 733,758 


166,262 
828,063 


32 


27 


52 


o wor 


97 


Producing Formation 


Cottonwood 

Wabaunsee 

Viola 

Simpson 

Arbuckle 
Mis. lime 
Viola 


Chat 
Chat 


Lansing 
Simpson 
Arbuckle 
Lans. K. 
Misener 
Reagan 


Stalnaker 


Smoky Hill 


Chat 


Winfield 
28,964,493 |188,964,000} 283 | ¥ Ft. Riley 


Florence 


3,655 


2,755 
2,800 
2,850 


32 


10 


17 


12 


10 
8 
10 


1 Total for McPherson County includes Canton, Graber, McPherson, and Voshell pools. 


Insol. res. 


Lime 
Conglomerate 


Conglomerate 


Insol. res. 
Insol. res. 


Lime 


Sandstone 
Lime 
Sandstone 
Dolomite 
Lime 
Lime 
Insol. res. 
Insol. res. 
Lime 
Dolomite 
Dolomite 
Lime 
Conglomerate 
Sandstone 
Sandstone 


Chalk 


Insol. res. 
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drilled have brought the total up to 6. In Reno County the Buhler 
pool now has 10 wells as compared to 2 for the previous year. A new 
producing horizon was discovered when one of the old wells was plugged 
back to the Viola limestone and made a successful commercial well at 
that level. In Rice County four pools were actively developed during 
the year. The Campbell pool now has 19 wells as compared to 3; 
Geneseo now has 142 wells as compared to 103; and the Wherry 
pool has 191 wells as compared to 165 for the preceding year. A most 
interesting development was a well drilled over a mile east of the Orth 
pool, which was found productive in the pre-Cambrian quartzite. Later 
an offset well was drilled and the two wells were added to the Orth pool. 


TaBLE 3.—Data on New Pools Found during 1939 


County and Pool Location Discovery Well pone Dene 
14-16-12 W | Day No. 1 Feltes 50 | Sooy 3342-44 
33-16-11 W | Republic No. 1 Harzman 25 | Lans. K. C, 3124-32 
.| 30-16-11 W | B. B. & M. No. 1 Kreier 100 | Sooy 3130-35 
14-19-15 W | Amerada No. 1 Kruckenberg 130 | Arbuckle 3580-85 
20-17-15 W | Republic No. 1 Pospishel 230 | Arbuckle 3548-50 
17-16-11 W | Sinclair No. 1 Oeser 100 | Lans. K. C. 3133-42 
18-16-11 W | Vernon No. 1 Hoffman 525 | Lans. K. C. 3207-17 
18-20- 5 W | Springrose No. 1 Swanson 2,500 | Chat 3304-46 
Norton County 
Watt PAGtON S <.(. ac:cissieas'e.e sise%mes 26-4-21 W | Power No, 1 Van Patten 200 |Lans. K. C, 3475-82 
+n and 3487-96 
Phillips County 
OWA CTOOK 7-2/0. Seperated aston 25-5-18 W | Blue Stem No. 1 Donaldson 825 | Lans. K. C, 3111-15 
Pratt County : 
LO ey ey thats ona eae 7-28-11 W | Skelly No. 1 Harding 375 | Viola 4267-83 
Rice Count 
Bredfeldt West.................| 12-18-10 W | Saco No. 1 Habiger 250 | Arbuckle 3265-68 
Wd avian tecrestee ale ase 8-20-9 W | Phillips No. 1 Proffitt 210 | Arbuckle 3260-63 
Russell County 
Atherton North: .....2:..+---«.+ 18-13-14 W | Cities Serv. No. 1 Dutt : 250 | Arbuckle 3130-33 
Fairfield North............ ..| 16-15-13 W | Wakefield No. 1 Meharg 840 |Lans. K. C. 3112-20 
Arbuckle 3232-39 
PETAPD PWeStine.s. wclek aaiclsinlelerens 15-15-14 W | Phillips No. 1 Maier 275 | Arbuckle 3250-56 
Butler County 
Berroa: Wwe « Lyqas aver eiels 28-28-8 E | Table Mesa No. 1 Farrell 50 | Chat 2647-89 
Cowley County 
MD ErICMN pa, Nees oi -t-elemelaie a 33-30-4 E | Hartman Blair No. 1 A Brown 600 | Arbuckle 3286-87 
Rarer ein ce Peni cic ati tccietevare's 13-34-5 E | Garden No. 1 Rahn 1,035 | Bartlesville 2915-45 
Johnson County : ‘ : 
CGAMAMERS 2 sciaisiccy aps ons vistepsraye aye 20-14-22 E | Sagamore No. 1 Metropolitan Life 25 | Bartlesville 902-910 


In Rooks County the only pool that received much attention was the 
Laton pool, where the total number of wells was doubled over the pre- 
ceding year. In Russell County five pools were actively developed. 
The Atherton pool now has 16 wells as compared to 10, the Gurney pool 
has 52 as compared to 15, and the Hall pool has 119, as compared to 
56 for the preceding year. The Coralena pool was united to the Coralena 
East and the Coralena North pools during the early part of the year and 
these three pools were united with the Trapp pool toward the close of the 
year. This rearrangement of pool areas makes the Trapp pool the third 
largest pool in Kansas with an area of 17,920 acres and a total of 553 
wells. The only larger pools found in Kansas are the El Dorado and 
Silica. In Stafford County important extensions were found to five 
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pools: The Drach pool now has 9 wells as compared to 1; the Leesburgh 
has 7 as compared to 1; the Sittner South pool has 6 as compared to 1 
and the Zenith has 162 wells as compared to 97 at the close of the previous 
year. The Max pool has a new producing horizon in the Lansing-Kansas 
City limestone. In Sumner County the most important extension was 
recorded in the Latta pool, which now has 12 wells. The large Welling- 
ton pool of that county added only two wells during the year. 

New Counties.—During the year 1939 three new counties joined the 
producing column. One of these is Norton County, in the northwest 
part of the state, where the No. 1 Van Patten well drilled by the Power 
Oil Co. encountered a production of 200 bbl. of oil in the Lansing-Kansas 
City limestone in two different zones of porosity. The second county 
is Phillips, in the northern part of the state. There the Blue Stem No. 1 
Donaldson found commercial production at a depth of 3111 ft. in the 
Lansing-Kansas City limestone. The potential production of the well 
is over 800 bbl. The name of the new pool is Bow Creek. The third 
county is Sherman, in the far western part of Kansas. In this county gas 
was found in the Smoky Hill chalk at a depth of approximately 1100 ft. 
Whereas the daily production is not large, it does indicate a possible 
large gas field in this part of Kansas. 

Important Wildcats—During the year, 163 wildcats were drilled in 
western Kansas and 42 in eastern Kansas. Of these 76 found oil in 
western Kansas and 5 found new oil pools in eastern Kansas. Six new 
gas areas were opened in western Kansas. Of the remaining wells, 81 
are dry holes in western Kansas and 37 are dry holes in eastern Kansas. 
Among the dry wildcats completed during the year, the large majority 
were drilled by independent operators. In many cases the acreage was 
farmed out to them by the large oil companies. Most of these wells 
penetrated all producing horizons down to and including the Arbuckle 
limestone. It is also interesting to note that many of these wildcats 
were drilled because the acreage involved was about to expire. About 
one fourth of them were drilled on the basis of subsurface information. 
A smaller number were drilled on the basis of core-drill information and 
only about 6 per cent were drilled on the basis of seismograph informa- 
tion. Approximately 33 per cent were drilled without any of the usual 
geological prerequisites. 
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Oil and Gas Development in Kentucky during 1939 


By Coteman D. Huntsr,* R. E. Sroupsr, { Inny B. Brownina, t Raupu N. Tuomas, § 
AND GuorGE M. SrraucuHan|| 


(New York Meeting, February 1940) 


Activity in the oil fields of the state was at a low ebb during the year 
because of the longest period of low prices that has yet prevailed, which 
has been detrimental to both the eastern and western sections of the state. 

Production for the state as a whole shows a drop of 209,192 bbl. 
during 1939, the total being 5,356,963 bbl. The loss is in the production 
of the western division, where a loss of approximately 300,000 bbl. more 
than offset a gain of approximately 100,000 bbl. in the eastern division. 
The loss in the western division can be attributed to decline in drilling 
activity due to the low prices prevailing, which were caused by flooding 
of the normal markets with cheap Illinois crude. The gain in the eastern 
division is the result of repressuring operations begun in previous years 
and now showing results, and not to any renewed drilling activity. 

Gas development in western Kentucky during 1939 was of minor 
importance. In eastern Kentucky approximately 50 producing gas wells 
were drilled, which were sufficient for present market with excess reserves 
already developed. With the severe winter and additional industry 
load every gas well connected has been on line-for the past three months. 
Although all demands are being met, development will be greatly 
increased during 1940 to meet depletion. 

From the geological point of view, the drilling activity in the western 
division developed additional information of benefit. Several wells on 
- blocks of acreage assembled in previous years were drilled in the deeper 
parts of the Western Coal Basin—southern part of the Illinois Basin— 
giving for the first time accurate information about the Pennsylvanian 
and lower formations down to and through the Devonian. | 


Summarized at meeting; manuscript received at the office of the Institute April 5, 
1940. 

* Chief Department of Geology and Research, Kentucky West Virginia Gas Co., 
Ashland, Ky. 

+ Geologist, Louisville Gas and Electric Co., Louisville, Ky. 

t Geologist and Operator, Ashland, Ky. 

§ Geologist, Inland Gas Co., Ashland, Ky. 

|| Geologist, Kentucky West Virginia Gas Co., Ashland, Ky. 
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TasLe 1.—Oil and Gas Production in Eastern Kentucky 
Area Proved, Acres Total ng eee 
Year 
¥ of 
Field, County Dis- 
cov- 
be ery : 
To End of | During 
4 Oil Gas? 1939 1939 
Zz 
oO 
8 
a a} 2° 
1| Bowling Green, Allen-Warren-Simpson...........-....-2005- 1918 12,550,856 150,856 
2 | Barren (abandoned in 1920), Barren.............-.200+-0005 1919 | 3,667 2,609,879 34,850 
3 | Olympia (abandoned), Bath 1919 ’ 
4 land, Bath, Rowan... ...| 1908 3,222,222 
5 Bind gas’ Bell ots ton crise Aye eae eee 1930 600 
6: Boyd. Co. and Ashland, ‘Boyd),..42. cee soe ees ce deoaten ae 1924 16,640 
7 Big $6') gas) Breast. fivtssoen etteienebanreahd «semanas 1921 16,000 
8| Br , Butler.... ...| 1988 40 200 200 
6 Harper, Buller 2.5 300s). soar els ee eee eee 1938 100 4,222 lrrz 
40 || Hunteville, Butler WR 3 iit een ecm ene aeroes 1938 z x Read lzr 
11 | Rochester, Butler. . ...| 1938 100 10,222 4,r2z 
12 | Silver City, Butler... 1938 250 18,222 
13 | Oneida-Burning Springs, Cla 1925 7,000 
14 | Burning Springs gas, Clay.. 1909 
15 | Morton’s Gap, Hopkins........ ean ...| 1920 50 z x 
16 | Logsdon Valley, LeGrande, Bonni 5 ae Ree eae 1930 | 2,9yy 6,lzx,2r2 87,048 
17 | Birk City, Henderson-Daviess.............000cceeceeueceens 1938 1,200 740,382 
18 | Gilmore pool, Henderson... . .«.| 1988 150 
19°) Isonville, Hilton va: a are ke oR ns Oe chdeeee oe 1917 100 2,000 88,994 2,003 
20'| Irvine. Matall PO IIMOe . tata ca, coe eee cae NL eae 1916 | 4,7zx 14,222,222 18z,crr 
21 | Ross Creek, Estill. , 1919 468 830,720 25,553 
22 | Wagesville, Estill. . ...| 1918 400 456,522 6,395 
28 | Floyd gas field, Floyd ate. iiatadiiae ni Nsie GAGIT cea aida siahe NS 1904 I 332,300 
24 | Big Sandy oil field, Floyd, Knott.............0.00.00 000000005 1918 160 249,razx 31,089 
25 oe gas, Gallatin, Carroll........... SH ATea eee dee 1932 
26 | Ningara.: A enderson. Jc, csnten «tee siaralr ute tebe tine ie acteats 1930 218 
ZL Spotvevile: Henderson. +.) tone neve tis cake wacshie actives 1938 60 2,Lx 
28: Wayne, Wayne, MoOrear yin. c nidnciesiten'ce nee cetene coset 1898 | 8,522 4,5rz,072 35,112 
20 | SenreeW obater, £852 vave tok taal ak re nletan ie ae 600 
30 | Ambrose-Weller, Ohio 600 4,278, cra 152,202 
31| Buford, Ohio............ 346 1,852,222 15z,0r2 
32 | Herbert, Ohio............... 350 452,000 12,000 
oD: ie LAB CGT CAR, ad GERD cate doh oul eins wo awe ake eae 1919 10,880 
O4:) Bining, Sonnson, DawWyenes, . sis cuyile cama canis sgl sidinlasa as 1919 | 6,820 16,000,404 456,518 
35 | Oil Springs, Johnson, Magoing: Hiaasen ee. 1920 | 6,100 9,525,006 269,208 
SO | PINRO. eee Meee caer ee ume yan vir. 1921 1,634,705 41,540 
STi Swamp Brwae, A olnagnvcsalcoslieieev Gaadecseantie eked 1929 3 3,000 Not 
marketed 
GBH] Winged GOMMADI or act cass os akan teehee ak ce 1,980 
BOF NOG CONN OVS ASION, tir, cistese Daye Besskine.c cn bln ote Ome ies 1906 1 115,440 
40 | Indian Creek gas, Knox 1929 1,200 
Bh DS Richland AK Noes esses Aes os aheie i con eee aad (Abandoned) 


> Footnotes to column heads and explanation of symbols are given on page 239. 


1 See Beaver Creek. 


comes to - | Line Number 


40 
41 


COLEMAN D. HUNTER AND OTHERS 


TaBLE 1.—(Continued) 
ea eg ma ST RN Si REN Sc 


309 


Poa pee Oil-production Reservoi 
i é ~ rvoir 
ai Number of Oil and/or-Gas Wells Methods, End of | __ Pressure, Character of Oil 
Cu. Ft. 1939 Lb. per Sq, In. 
During 1939 End of 1939 Number of Wells 
Gravity Sul- 
Sm uU. 
bat) >a I A.P.I. at 
c g=| 2] able |e | EE) “rr. | Aan 
a= w |2s| 2 & |8A/-3 13 |wowing| Artif 32 83 Weighted | Cent 
as | aS Be) ET & | 83/52/58 ® | cial Lift] wo | 28) Average 
of | B2 188] & 3 | 84 32 ee: Cem ee ena 
SB jan oF! S | a je@icoid oY fd 
2,022 leon Lece 
20 0 
lox 0 
3 3 0 
y y 216 lzr 8x 
y y 14| 14 10 1 3 
1 1 1 zt 36 
14] 14 0 14; 0 
6 1 1 z 
12 12 12 E 39 a 
23 0 0 12 0 23 36 z 
y y 32 26 28 305 
y y 5 5 
z a z 1 5 
z @ | 1,2e2) 1,202) aa 1,202 
102} 39 0 0 63 63 2 @ 38 by 
Tie i 0 0 7 7 z x 38 x 
34 26 8 8 
Llez 1,022 1,027 SR 
182) 2 8a 8x SR 
150 3x 3a SR 
y y |1,280; 14 2a Llez 
6| 51 47 
17 160 20 
63) = 0 63 63 34 
5} 2 0 0 5 2 1 z x 39 
1,4yy 6ra 
LP 0 1 0 1 600 35.5 
190} 0 190 190 36 
125} 0 0 125 35.5 
129 0 0 0} 129 0 99 z 34 
y y 2Qrz} 0 22 | lee 7x 
1,118) 2 1,118 1,118 SR 36 
1,055 1,033 1,033 SR 37 
250 2380 230 SR 36 
y y 22 0 0 22 3 19 
y y 28 22 6 
y y 248) 22 4 0 244 
y y 8 (See Pet. x) 


2 Pressure. 
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TaBLE 1.—(Continued) 
i 


Deepest Zone 
Producing Formation Tested to End 
of 1939 
Depth, Avg. Ft. 
3 Thick $ 
a 38 ck- truc- 4 
Name Agee Be i A Name | . 4 
5 2 2 & | Top Prod. | Bottoms Ave. Ft a om 
S g 3 Zone Prod. Wells 2 2 
g 5 2 
3 6 | & aS 
1| Shallow sand, Corniferous | Mis, Dev L,S | Por 15+ | D,T, | Ord x 
deep sand A, M 
2| Second sand, Corniferous, | Mis, Dev, L,S | Por MC, T, | Ord x 
Trenton, Amber oil sand | Sil, Ord D,N 
3 | Silurian L Cay Ord 
4 | Corniferous Dev LS | Por 300-500 325-525 25 sc Ord 
5| Big Lime, Brown shale, | Mis, Dev L, H | Cav, 100+ MC | Dev 3,725 
Corniferous Por es 
6| Salt sand.-Maxon, Black | Pen, Mis, 8, H, | Por 1,650+ 2,200+ | 50, 400, 44 Ord 4,669 
shale, Corniferous Dev SL 150 : 
7 | Big 6” Sil s Por | 1,750-1,900/1,728-1,875) 25+ A Sil 
8 | Tarr Springs (Jett sand) | Mis 8 z 133 147 12 A = x 
9 aa sand (Jett) Tarr} Mis s £ 150 170 20 ah x 
rings 
10 Tarr Borligs (Jett sand) | Mis Ny) x 377 392 15 T x 
11} Tarr Sprin ng (Jett) Mis 8 £ 856 885 x e z 
12 | (Jones sand) Hardinsburg | Mis S z 516 506 10 A x z 
13 ob ae lame Dev LS Por 1,550-1,700)1,525-1,675 20+ A,M | Dev 2,284 
14 | Corniferous Dev LS | Por 25 A,D_ | Dev 
15 | Salt Sand Pen ‘-8 20 x z F,A | Mis 2,132 
16 | Blue Sand Sil L Cay 700-850 | 780-1300) 15+ | T, res Sil x 
17 | McCloskey Mis OL {10-14 1,870 1,890 10 A Mis 2,100 
18 | McCloskey Mis OL |10-14) 2,101 2,117 10 A Mis 2,200 
19 | Weir Dev. shale (gas) ae ta 825-1,350| 875-1,500 eg A Dev 1,780 
ev 
20 | Corniferous Dey, Sil LS, S | Por 85-960 | 120-1,000} 40 AF | Ord 
21 | Corniferous Dey, Sil LS, S | Por 550-900 | 520-870 20+ T Ord 
22 | Corniferous Dey, Sil LS, 8 | Por 75-375 | 100-400 25 AF | Ord 
23 | Salt sand, Maxon, B Lime,| Pen, Mis, 8, L, | Por, 900-3,100}1,100-3,500) 15-550 | A, D, | Sil 3,643 
Big Injun, Dev. Shale,| Dev LS, H | Cav MC, T, 
Corniferous N,S 
24| Maxon, Big Lime, Big | Mis 8, LS | Por, 950-1,475/1,000-1,500; 15+ ML, | Ord 3,706 
Injun Cav MC, T 
25 | Trenton Ord LS | Por 225-335 | 240-350 15+ D Ord 967 
26 | Triplett, Jones on 8 Por 580 600 30+ D,A | Mis = 
is 
27 | McCloskey Mis OL jz 2,176 2,180 z D Mis 3,000 
28 Beaver Mis LS | Por 385-680 | 400-700 12 N] Ord 1,921 
Sunnybrook Ord 
29 | McCloskey Mis 0, L- | 2 1,395 1,408 12 A Dev 3,217 
30 | Tarr Springs (Jett) Mis 8 20 650-700 725 40 JK Trenton | 4,020 
31 | Pottsville Pen Ss 15 585 600 15 Channel} Mis ,250 
32 | Jett and Barlow Mis 8 12 725 750 5-30 T Mis 950 
A 
33 Weir Mis 8, LS | Por 740-1,160} 780-1,200} 40+ D Ord 3,719 
Corniferous Dev 
34 | Weir Mis $ Por 700-1,000| 760-1,060; 60+ D Sil 
35 | Weir Mis 8 Por 900-960 | 860-1,220} 35 D Ord 3,815 
A 
Weir, Mis S Por 600-1,060} 640-1,100 3 DF, A, | Dev 
36 Berea 8 
37 | Maxon, Big Lime, Shale | Mis, Dev |8,L,H | Por, 1,425 1,800 40+ 5 Dev 1,816 
a 670-1,070| 700-1,100 aie A 
Ans + : ' 30+ Dev 
38 | Weir, Big 6 Mis, Sil 8, LS | Por { 2,050-2'450/2,100-2'500 
39 | Salt sand, Maxon, Big | Pen, Mis, 8, L, | Por, | 1,250-3,000/1,300-3,500} 20 A, AM, | Ord 3,706 
Lime, Big Injun, Dev} Dev H | Cay 500 | H, MC, 
shale D,T, 
40 | Big Lime Mis L Cay 1,500 1,550 20 Si Mis 1,552 
41 | Salt sand Pen S) Por 200-500 15+ A 


5 Depositional. 
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In eastern Kentucky the most important new development is the 
extensive leasing being done in that section by a number of the major 
oil companies. Leases amounting to several hundred thousand acres 
have been taken on all of the known and mapped structures, and on 


TasBLE 1.—(Continued) 


Area Proved, Acres Total ethene 
Year 
. of 
Field, County Dis- 
cov- 
by ery ; 
2 : To End of | During 
g Oil Gas? 1939 1939 
q 
z 
5 
-Himys 4,600EW 
AD MPATtOMUSHELUIMV AP GAS; KNOB arcs e's «das vee sth scduieci slow ts 1928 { 5,000 
2B) 4) CORN. TOT Oe panacea DOCbe Oc DA GOSHOUOOT ee GEE a BACnet 1929 550 0 0 
MANO STIBAA EEUU ENCE i. ar ereval cnc ts Lotsiccofe Me ia ohdioie ha. seepaieiiiave hAerenses 1913 Lieu 1,601,378 33,185 
45 | Big Sinking, Lee, Estill MEL OWER ALOU O ret sean enn, ya s6 cutee anc 1919 | 14,100 39,106,270 | 1,048,168 
AGG, OOCDUALLIEC Ey antler tie Utara sictoe re eee aera ics eines > 1921 76,002 
UMM UEEE ST NDING SBE. oot SeReye Gcocictn, aVe favors os x aiale-o ar¥le sats piaravere os cab eras 1926 377 758 20x 54,730 
(|| URAC TE cobenoc dare vdoebcanone a0 1 aonon Id coud Jade 1930 132,c2% 12,350 
aor Burning Mork, Magoffin. cn. cee cocsetsitecnsscsce sec aeeet 1923 918 1,812,940 52,965 
50 | Ivyton-Licking and Mine Fork gas, Magoffin................. 1920 6,840 
piaiMartin Co; oiland gas, Martine cic: ..0G. oacdssesesencd ean 1897 210 | 90,900 262,680 81,265 
Gm MOBEMGIAN TO. 3 oc SON eae aes0 35060 SUSargednsoasnegese a 1938 250 14,222 6,00% 
RVLE EL APUG RIDLUS ESB TAs rove scien gus becoae. oc phifers caayasa: stale dacsle shsssio apt s 1930 100 29,c0a 6,220 
54 | Owensboro, Daviess-Ohio-McLean-Hancock-Breckenridge..... . 1922 | 10,800 30,222,002 | 3,202,202 
BV BER COEDS Sc DAUECRR: coe cape eee cre ecaie ocslet os wierd sragnveiaierecainte fa miefice 1927 400 596,a0x 5l vax 
56 | Cumberland-Clinton, Cumberland-Clinton............0.0.-05 (Abandoned. No Production.) 
57 | Green Taylor gas, Green, Taylor...........0..000 cece eee eee 1921 | (Abandoned) 
DSi Menitee/ ol Pool, Menstfee: voesscs crv <siacc ane eres eiesie We vie tame 1922 231,835 
HOMPEVOPRWell PAS s HIM CPE I CO ote oie oistove lois, « cress lepelcle.d¥ers)slelacsipiesbne oa ayes sive 1902 15,360 
60 | Cannel City (Abandoned in 1937), Morgan................- 1914 600 378,507 
Gluevtublenberg, Mauhlenbengid s.cias cris «<toie «te.cie'e sisrevapersi 4s. b/e.v/eini0s 1929 299,958 30,734 
Soper AlOsOrs Ol POI OGL CY Lic wrate les «aiste siske ates ere eeoteneesv whe fore nla 1923 12 33,200 lvae - 
GAUERATE LEBEL LSM CICA Nghe er Ne sciore cae’ sdvopu ial ose clacaleve eushasece eantexes 1929 250 983,200 49,200 
BAT UE ites TO by VM CLsCOM see cvtsrats! = s/Sfeleraveis 16 0/olo\.e)e-ckn cavers. e:avayvieve 1935 meu 215,200 15,202 
0) 
65 | Birk City and Gilmore, McLean-Daviess............-...+5++ 1938 850 1,327,202 740,382 
AAGUEL ROK OHTA CIICUIE Sats cre crate <eccaasele ols taltrstccatosefole a1e sats. 2 haters 1936 150 630,202 80, xxx 
67 | Island Creek (Abandoned in 1934), Osleyee atime cant t- 1928 20 9,899 
68 | Needmore gas field, Owsley..... 020... 00sec eee ee ence ees 1920 6,400 
GOe et worthOwsleye ca. ay. artarcl che oeelore Braco ctetetls ojataie/ Vo s1o' Oo a3 1924 60 Ticox 0 
70 | Perry Co. (GEECE sD Uetorn |e nnadoe Oemaion an fine Veen mersaucioe 1930 1,400 
VAN Pikes COnSASHELA NP AKON. sae. cmiclexesciangtelels = «1s(oysir(ejeiaiea slelsve 1930 58,400 
72) Ashley, Powell.....66 0.5 «sos. din alan AOSD EDC ODE 1,091 3,198,200 111,056 
FP MBROW SLAs LOWEN. eicte le s koe oisveien esate)" © sia ete nia sfetele. =/= ain ia!< 4) sie» 
74 | North Triplett gas, Rowan 1,200 
75 | Island, McLean..........- 150 242,000 1z,220 
76 | Livermore, McLean........- 545 14r2,c02 lzz,cxx 
77 | Williamsburg oil and gas pool (abandoned), Whitley.......... 1904 700 4,00 
78 | Campton-Stillwater, Wolfe..............66sece eee sees e ees 1913 | 1,447 673,945 11,832 
ae 


3 Oil and gas 
4Gas, 
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structures where formerly gas fields existed which were exhausted and 
for which the leases have been surrendered. The purpose of this leasing 
is to seek production from deeper pay zones, especially those from the 
top of the Corniferous down to the St. Peter sandstone. 
wells have been drilled to a depth sufficient to reach the St. Peter sand 


TABLE 1.—(Continued) 


Only a few 


Total Gas 
Production, 
Millions 
Cu. Ft. 


1939 


® 
E 


& | Line Number 


< 


y 


43 0 0 


or 

a 
2 
.~7 


x1 on 
—= © 
a 
i ot 


30z z 


78 


Oil-production Reservoir 
Number of Oil and/or Gas Wells Methods, End of Pressure, 
1939 Lb. per Sq. In. 
During 1939 End of 1939 Number of Wells 
23 >a ." 
3 2 3 3 |Z] wo | wo a 
Bs/| 8 § |£81-3 1-3 | rlowing| Attific 83 
Bo| @ 3 as 523% B | cial Lift 4] 
a = 3 pa 
88/5 | 2 [S2/EO Eo a | <3 
19 310 | 310 
9 9 
286 52] 286 234 
2,522} xz rx 2,522 
13 ll ll 
122] 2 122 llz 
15 15 15 
159 159 159 
332} 18 0 29; 300 29 
19 0 0 19 19 = 
12 12 12 
8,702 2,rr2 
50 50 50 2 = 
lex lez 
150 0 
75 0 
20 20 20 
7 4 4 
57; 0 0 57 320 40 
27); 0 1 0} 26 0 26 | 405 
109} 40 2 0} 107 107 
‘ 4 4 gel 
48 32 
15} 0 0 0] 15 
9 2 2 2 
200} 7 0 192 
Sax} xx? 45x 4cx 
Bt] : 
10 45 
14 14 14 
170 10 1} 158 148 
30} 0 0 25 5 240 
275 Ta 7a 7x 


Character of Oil 


SR 
5R 


8R 


38 F 


34.5 
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and none of these on well defined structures, but the indications in them 
are such as to show production possible and probable. 
With a firmer price for crude, this section undoubtedly will see 
much activity in deeper drilling. 


TaBLE 1.—(Continued) 
a 


Deepest Zone 
Producing Formation Tested. to End 
of 1939 
Depth, Avg. Ft. 
3 Ne 
3 Name Agee ~ . kd ae pane Name 33 
s 2 & | Top Prod. | Bottoms Ave Ft Om 
a g 2 Zone Prod, Wells f as 
f=] q Xo 
fe ome. aa 
42 Maxon, Brown shale, | Mis, Dey 8,H | Por | 1,080-2,000/1,100-2,100; 30+ | A, AF, |Dev 2,225 
Corniferous LS 175+ D 
100+ 
43 | Corniferous Dev Por | 1,650-1,740]/1,670-1,760| 18 MC | Dev 1,983 
44 | Berea Mis 8 Por 1,575-1,875| 1,600-1,900 2x Ord 4,975 
45 | Corniferous Dey, Sil 8, LS | Por 650-1,150) 700-1,200} 30 MC | Pre-Cam | 2,222 
46 | Corniferous Dey, Sil L§,8 | Por Sil 
47 Corniferous Sil, Dev 8, LS | Por 975-1,175)1,000-1,200 20 MC |{Sil 
48 | Corniferous Dey, Sil LS, 8 | Por 900-1,100} 940-1,100) 20+ MC | Ord 
49 | Weir is i] Por 1,040-1,360)1,080-1,400} 30 D Ord 900 
50 | Weir, Black Shale, Cornif- | Pen, Mis, §,H | Por, | 1,050-1,350)1,100-1,400/ 40+ | D,A, | Ord 3,950 
erous, Salt sand, Maxon, ev L Cav 450+ MC,. 
Big Lime, Big Injun TS 
51] Oil-Maxon. Gas-S, 8, | Dev, Mis, | §,L, | Por, 700-3,000/1,100-8,300} 10 A, AF, | Dev 
Maxon, Big Lime, Dev| Pen H Cav 600 D, T 
shale MC, § 
52 | Tarr Springs (Jett sand) | Mis 8 605 615 10 T @ x 
53 | Fuqua Stray Mis § {18-20 910 930 20 Mis 1,350 
54| Fuqua Stray, Pottsville, | Pen, Mis § {18-20 400-1,300} 2-75 | AN, A, | Dev x 
Pottsville, Jett, Jones, TD 
Barlowe, and Bethel 
55 | Jett Mis 8 18 970 1,015 14 A Mis 1,020: 
56 | Sunnybrook, Trenton Ord 8, LS | Por A,D_ | Cam-Ord | 1,934 
57 Ord LS Por 370-680 390-700 20+ 
58 | Corniferous Dev LS | Por | 1,020-1,230/1,040-1,250} 20 MC | Ord 
59 | Corniferous, Ragland sand| Dev LS | Por 500-650 | 550-700 40+ D Ord 
60 | Corniferous Dev L Por | 1,780-1,980}1,800-2,000} 20 AF | Dev 
61 | McCloskey Mis LS | Por | 1,240-1,690/1,250-1,700} 10+ D Dev c 
62 | Big Lime Mis LS Por 1,110 ,125 15 A Dev 1,962 
63 I ectso, Barlow, | Mis 8 |15-20 800-1,200] 1,250 2-75 AF | Dev 3,250 
ethe! 
64 | Pottsville, Bethel, Barlow, | Pen, Mis §,L |12-15 340-1,670} 400-1,700| 20 AF Mis 1,906 
and Bethel Lime ' 
65 | McCloskey Mis L 10-14} 2,050 2,100 Uf A Mis 2,200 
66 | Tarr Springs, Bethel Mis 8 20 1,100-1,500]1,150-1,450) 22 A Mis 1,525 
67 | Big Lime Mis L Cav 10-40 Dev 
68 | Corniferous Dev LS | Por 850-1,150} 900-1,200} 40+ | MC | Dev 
69 | Corniferous Dev LS | Por ; 20+ MC | Dev 
70 | Salt sand, Big Lime, Dev- | Pen, Mis, §,L | Por | 2,200-2,900/2,700-8,300) 50-500 MC | Dev 3,637 
onian shale ev H | Cav 
71|Salt sand, Maxon, Big] Pen, Mis, | 8,L, | Por, 800-4,000} 850-4,500} 10-800 | A, AM, | Ord 5,343 
ae, Big Injun, Dev. ev H | Cav “4 ¥ % 
shale y Ly 
72 | Corniferous Dey, Sil LS, 8 | Por 550-950 | 600-1,000| 40 AF | Ord 
73 | Corniferous Dev LS _ | Por 20+ | MC 
74 | Corniferous Dev LS | Por 335 350 11 MC | Ord 1,501 
75 | Tarr Springs (Jett sand) | Mis s 1,450 1,470 20 A Dev 3,817 
76 | Barlow, Bethel Mis S 15-20) 1,300-1,400) 1,400 20 AF | Dev 3,242 
77 | Salt sand, Big Lime Pen, Mis 8,L | Por, Gas Oil Oil A Ord 3,350 
Cav 850+ 900+ 30+ 
1,700+ 1,750+ Gas, 
20+ 
78 | Corniferous ; Dev LS | Por . 25 AD | Dev 2,190 


Oil and Gas Development in North Louisiana in 1939 


By H. K. Suearer,* Member A.I.M.E. 
(New York Meeting, February 1940) 


Or production in north Louisianat in 1939 was 25,249,640 bbl., a 
decrease of 11.2 per cent from 1938. The only important increases in 
production were in the Cotton Valley and Shreveport fields, but Caddo, 
Homer, Sligo and Zwolle also made slight gains. Greatest decreases 
were in the Lisbon and Rodessa fields. 

Natural gas production of 313,333 million cu. ft. was an increase of 
5.6 per cent over 1938. The increase was accounted for in the Monroe 
field, while all other fields showed only minor variations from the pro- 
duction of the previous year. 

Well completions in 1939, as compared with 1938, were as follows: 


Wild Wil 
Total Pesaacon Dey tales 
117 608 2 47 
83 521 1 48 


The decline in number of completions was due entirely to lack of 
proved areas for drilling, and would have been greater except for a 
revival of interest in the old Caddo shallow field. A majority of the 
wells completed during the year were in various old, shallow fields, so 
the average depth of drilling was much less than in several preceding 
years, notwithstanding a few very deep tests. 

No new fields were discovered, the only wildcat well reported as a 
producer being a very small oil well in northwestern De Soto Parish, 
which is of no apparent commercial importance. Deep gas-distillate 
production in the Cotton Valley formation was opened at Lake Bistineau 
and Lisbon, and oil at Shongaloo, but all these wells were too small to 
encourage additional drilling. 


EXTENSIONS AND DEVELOPMENTS 


Caddo Field.—More active drilling was done in the 36-year old Caddo 
field in 1939 than in any of the newer fields, with completion of 133 oil 


Summarized at meeting; manuscript received at the office of the Institute 
April 2, 1940. 

* Geologist, The Hunter Company, Inc., Shreveport, La. 

} Covers all townships north of Louisiana Base Line; i.e., 26 northern parishes 
and parts of Avoyelles, Rapides and. Vernon, but not the Cheneyville and Eola oil 
fields in Rapides and Avoyelles. 
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wells, 3 gas wells and 66 dry holes. An extension southwest of Vivian, 
opened late in 1938, led to the drilling of 23 oil wells and 32 dry holes in 
T. 22 N., R. 16 W., with all producing wells completed in the lenticular 
Tokio-Paluxy sand at depths of 2450 to 2650 ft. In November the 
Temple Oil Corporation’s No. 1 Bostwick, sec. 13, T. 22 N., R. 16 W., 
producing at the rate of 1500 bbl. per day at 2559 ft., indicated another 
extension northeast of Vivian, but several dry holes were also completed 
in that vicinity. 

Of the Caddo wells, 67 produced from the Saratoga-Annona chalk at 
depths of 1350 to 1750 ft. In spite of close drilling in the past, occasional 
wells produce several hundred barrels per day from this formation after 
acid treatment. 

The deepest and most disappointing test was the Stanolind Oil & 
Gas Company’s No. 131 Dillon Heirs, sec. 14, T. 21 N., R. 15 W., in 
the center of the Pine Island ‘‘dome” in the Caddo field. Drilled to a 
total depth of 11,419 ft., it reached the top of the Cotton Valley formation 
at 5994 ft., had no definite ‘‘ Buckner” formation, found top of the Smack- 
~ over limestone equivalent at 8952 ft., drilled through 1247 ft. of rock 
salt from 10,158 to 11,405 ft., and was in hard igneous rock for 2 ft. at 
bottom. All formations below the upper Travis Peak were lacking in 
porosity and permeability. A number of tests of slightly porous zones 
in the Cotton Valley formation below 6943 ft. were made, but the well 
was finally completed in January 1940 as a very small gasser in the upper 
Travis Peak sand at 3903 to 3938 feet. 

Cotton Valley Field——Drilling at Cotton Valley declined in 1939. 
Most of the wells were drilled for oil in the ‘‘Holloway”’ sand or in deep 
sands on the flanks of the structure. Completions numbered 14 oil and 
2 gas wells in the Holloway, 11 oil and 1 gas-distillate in the ‘“‘D”’ sand, 
6 oil and 10 gas-distillate in the ‘“‘Bodcaw” sand proper. Three dry 
holes were abandoned just below the Holloway sand; and only one, on the 
extreme southwest flank, was drilled through the Bodcaw zone. 

Recycling of gas from the Bodcaw sand was tried on an experimental 
scale for a period of 29 days during 1939, using two wells for production 
and one for injection. Results indicated that recycling and pressure 
maintenance are technically practicable, and data for formulating a 
field-wide project were obtained. Separators operated at 1600 to 2100 lb., 
obtaining 3 gal. per 1000 cu. ft. of 62° gravity condensate, and injec- 
tion pressure of the dry gas averaged a little more than 3000 lb. per 
sq. inch. 

Lisbon Field—The Lisbon Exploration Company’s No. 1 Vaughn, 
sec. 36, T. 21 N., R. 5 W., a depleted producer in the “Pettit” zone at 
5313 ft., was deepened to 8900 ft., penetrating 1100 ft. into the Cotton 
Valley formation. It was completed through perforations at 8444 to 
8464 ft. in December 1939 as the deep-sand discovery, but was not a 
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large producer, making 65 bbl. per day of 53° gravity distillate with 
about 3,000,000 cu. ft. of gas. This gas will probably be used for repres- 
suring the Pettit limestone zone. Only four small oil wells were com- 
pleted in the Pettit, and oil production declined almost 50 per cent. 

Rodessa Field.—Rodessa oil production declined 4,427,700 bbl. in 
1939, but it still produced 36 per cent of the north Louisiana total. Only 
14 oil wells and 1 gas well were completed during the year, all being in the 
northeastern extension, near the Arkansas line. 

Shongalod Field—The second Cotton Valley formation gas-distillate 
well on the Shongaloo structure was completed in February at a depth of 
9202 ft. In June the Magnolia Petroleum Company’s No. 1 Roseberry 
Unit, sec. 29, T. 23 N., R. 9 W. was completed as the discovery oil well 
in the same formation, flowing by heads 130 bbl. per day of 48° gravity 
oil at 9182 ft., plugged back from 9380 ft. These deep wells were not 
large enough to encourage any more drilling. 

Shreveport Field.—The Shreveport field, which had only eight pro- 
ducing wells at the beginning of the year, was almost completely devel- 
oped by the completion of 43 more oil wells, mostly on 40-acre spacing. 
The producing area is defined by dry holes and unprofitable wells, showing 
it to be an oil field of minor importance. 

Deep Gas Fields —The Lake Bistineau field in Bienville Parish was 
most active of the deep gas-distillate fields. Six wells were completed 
in the regular producing member of the Pine Island formation, and a 
deeper zone was discovered. The Arkansas-Louisiana Gas Company’s 
No. 2 Gayoso Company, sec. 14, T. 16 N., R. 10 W. was completed in 
July, producing from several sands between 8110 and the total depth of 
8532 ft. The top of the producing zone is about 300 ft. below the top 
of the Cotton Valley formation. However, the porosity was not very 
good, as initial production reported was only 2,500,000 cu. ft. per day of 
gas, with a spray of distillate and a slight raed of salt water. 

In Waskom field, Caddo Parish, the Arkansas-Louisiana. Gas Colts 
pany’s No. 1 W. M. Bell, sec. 6, T. 17 N., R. 16 W., was completed in 
November, producing 10,500,000 cu. ft. per day of gas from sands in the | 
upper part of the Travis Peak formation between 5915 and 6100 ft., 
total depth 6400 ft. This is the first test drilled below the Glen Rose 
anhydrite in the Louisiana part of the field, but there were already four 
deep gas wells on the Texas side of the same structure. This well 
extended the deep production 214 miles northeast. 

In Sibley field, Webster Parish, there were no new producers, but 
one of the deepest tests of the year was drilled. In an attempt to extend 
the field 2 miles northeast, the Union Producing Company’s No. 1 
Walker Unit, sec. 30, T. 18 N., R. 8 W. was dry at 10,383 ft., several 
hundred feet in the Cotton Valley formation. Practically no porosity 
was found in the Travis Peak and Cotton Valley formations, and the well 
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TaBLE 1.—Oil and Gas Production in North Louisiana 


eg are eA ee ee 
Area Proved, Acres | Total Oil Production, Bbl. 
‘ Year ei . 
= Field, Parish of Dis- 
q aes To End of | Duri 
Oil b o End of uring, 
z ei 1939 1939 
o 
43) 
ay 

Mi Beat Oreck; itenttlon.2. 8 sana, a) atke cea bsbneeack oes 1937 Op) 2,500 1| tien Rem O" | samt Ob 

25) UC p ae ORM EET Yo rte Rete ee A ea 1921 1,360 160 10,309,885 209,490 

siibethany=-Waskom, Caddo... ..<c00 0021. ccc cecccssuseues 1916 20 15,000 0 0 

AD AU Ot CALAGO 2 tier eraser hel deIue vem uciein aie ead ots 1904 | 32,500 5,000 | 156,520,420 | 2,563,230 

DAL Carterville Bossier crus suleaeie «is eid ada eashatcvlee? ee tae 1927 720 2,720 1,574,510 39,700 

GHUClay On, CONCOni Gs am tse eiciainlaie/ctaseie sain tients tama te 1931 0 60 0 0 

PAC ONVErEO, SGUIME A. Grit doles =.aacionceen ore Meme ana aae 1932 2,000 0 2,114,510 187,050 

SiCotton) Valley, Webster. <..¢.26- 2055s ccscassaasessneecss 13,000 23,630,650 | 4,270,585 

————— 

9 Shallow, gas and heavy oil......................0000- 1922 2,600 6,600 14,941,440 14,320 
10 Holloway, light oil eee aT. eC naiecne ehtthn grekt Wid. 8th 1936 1,880 3,340,271 1,444,596 
11 Bodcaw, gas-distillate.............5.. csr eee cen eee ees 1937 11,000 3,616,263 | 1,328,965 
12 Bodvaw ene kee ter te cn wee eee eee oe hts cess 1938 2,000 1,732,676 | 1,482,704 
13 | De Soto-Red River, De Soto, Red River...................-. 1912 | 11,000 3,300 57,726,385 411,495 
USUMDrincollnAtenvsiel vveetatad athe ears bate ase ceed Selece dines 1936 0 1,000 0 0 
AGI tm Grove: Bossier, Caddo chisceies sc:saise svete sven waves 1916 320 14,600 3,552,910 100,045 
16 | Epps, Hast Carroll, West Carroll..............+.00ee sees eee 1928 0 1,200 0 0 
17 | Haynesville, Claiborne 7,480 0 69,929,850 | 1,041,385 
18 | Holly, De Soto........ 80 160 62,920 29,350 
19 | Homer, Claiborne... 3,020 0 69,263,110 992,935 
20) Cake Bistinoa,, BUOnvine...</. clei cee vette sevien s derives baelees 1916 0 2,240 0 0 

Lisbon, Claiborne, Lincoln: 
21 (OTN yee tC SR: SERRE Jo CORT pele ORO Ste cee eters ii 1936 7,500 0 7,420,965 | 1,698,315 
22 IGaeedistillatennce ceeedir e coies nahi essen cist oe oh nies aie 1939 0 160 0 0 
PAPOCANSPONG, LE, SOl0.s noes tein ee vee ale caus oer cee eae 1938 0 2,000 0 0 
24 | Monroe, Morehouse, Ouachita, Union..........-.00000c0e ee 1916 0 | 270,000 0 0 
ZOUUP EHSAN LIM. SGOINE. euic eae cule ealeleeg shin eeeecicecenbaenne 1927 80 0 1,556,570 35,530 
DOWHICHANG WASCHANG, ces -c.cre okcais. vqabtacacete taut as wrens 1926 0 49,280 0 0 
SIME OGCEEAROGOUO Sele AAAR Saat ie year Rete cites ot idan e 1930 9,400 7,8003| 61,058,920 | 9,204,020 
LS MMERNISUGEMPISUNCOUIDS ers ach creas erie asdiate, a ercieioials tia tala'a ous alolacsig ae 1937 160 0 0 
CO NBArep las bOssters, WH BUSLEH. are tree cisjties Aare dio: ne es sie ev s/he 1922 570 1,120 1,584,589 58,204 
Shongaloo, Webster: 
30 Eras ci yaehe ater tac rsvcscic sete ca yoslo teaser: thctie wedhaleso ad resets sree aye 1921 70 5,680 116,115 7,535 
31 LDS) aaa CHEMO OO IEA ration Delt 7c SEER Tere irrardin 1938 80 1,000 87,646 * 47,821 
DLARSUEBVEDOLE COCALO Sa meade ectc ee sip aisieeiste erbicis teerete sien tie SN 1938 2,500 240 1,978,875 | 1,865,305 
DOMME AEN CD BEET ie ocatecicic atucde tials aie ales ays ereves vrai sve cheng tele 1936 0 640 0 0 
BAA SIEMSDOLOMINEOND Ns acronis aoe eet erode sis ema TSISe eel ge's 1935 0 320 0 0 
CUP SNe Ta ICON oS ape bac Ghn J Oca Ae AC Re OneeR nnn Ge 1922 800 12,000 937,895 436,465 
36 | Sugar Creek, Claiborne,...............- MG attag sd hae 1931 60 | 4,000 | 360,155 | 125,685 
SHAM PUUNETN-SpldOr De Gove cece as cet ales icles aieinr Sieve 3.016 he 1935 0 320 0 0 
88') Urania, Grant, LaSalle, Winn..... oc. 0. cnwccscesan cr vavees 1925 | 3,700 0 | 24,261,585 969,770 
39 | White Sulphur Springs, La Salle.............0 ccc eee ee ee eee 1928 80 0 12,290 0 
40 | Zwolle, Sabine, = aia -fettiece Bie Rie SMP Ontc SOA LEO EOE 1928 | 7,5204 0 | 14,921,245 955,725 
41 WON Soe 2 aoe eyes Gob otc yin MUL ea nee aoe eek at 98,060 | 413,660 ' 509,882,000 | 25,249,640 


6 Footnotes to column heads and explanation of mbes 
1 Includes the part of Bethany and Waskom fiel 
Spring Ridge and old Cross Lake areas. 


are given on page 239. 


in Louisiana; also Blanchard, Longwood, Greenwood, Cedar Grove, 


2 Includes Mooringsport, Trees City, Vivian, Hosston, Pine Island, Gilliam and Dixie areas. 


3 Most Rodessa acreage produces both oil and gas; classi 


fication of oil or gas wells depends on gas-oil ratios. 


4 Allowing 20 acres per producing well, but the Zwolle field is scattered over a much larger area. 
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TaBLE 1.—(Continued) 
"red pec ee) ttt 
U-produc-) Reservoir Pres- 


Total Gas Produc- . tion Meth- f Oi 
ious Millio CRE: Number of Oil and/or Gas Wells ods, End caf Og % Character of Oil 
__|_ of 1939 Pes 3 
During End of Number 5 
1939 1939 of Wells & 
5 Com: >a = Avg. at | 2 rete Sul- 
ca > | A wd. & 
q To End of | During | pleted | "g |B /'§ 8) ~ | # | initial | End of |" | — 60°F, 7 
1939 | 19398 |toEnd| & | 8 |€Q/-2 |-2 | w| 3 1939 | % | Weighted | &&r 
A of 1939| | 2 |Be/2./3y [| 2 £ | “Average | Cent 
am o 
3 5 |Z EZ/ES/ ES le | 3 z ; 
1 686 658 Bie Oe Olen 5 2,660| 2,660 
2 2,463 92| 422} 9| O}| y| 150 1| 0} 150 y y |SR 19 0.80 
3| 18,753 521} 181] 1] 6) 16) | 25 { yt 2,380 
2 

4] 139,078 | 1,484 4,388} 136] 134] 36/1,218] 46 1,218 y y |SR {io} 0.50 
5| 17,051 20| 155] 0] 21; y| 18 3| Oo} 13| 1,250 y 42 0.77 
6 11 0 Wh TM hay 0} oO 0| 630) 620 
a 2 2 181} 6] 19} 18] 59 0} o| 59 y y 42 0.15 
8| 128,804 | 23,379} 429] 44] 69) y 71] 83] 62 9 
9 £ x 279| 0] 69) y| 4 0| Oo 4 y y 25 0.25 
10 z z 47| 16} 0} O| 44 3] 39 5| 2,525 800 50 y 
11 x Po 80} 11,20) 0 0| 80 3,930| 3,600 64 y 
12 z x 93) 17), .0)™ G\ | 23 0| 23 3,930| 3,600 51 y 
13 65,127 | 1,154] 1,482] 4} 33] y} 140) 24 140 y y |SR 40 0.25 
14 6,071 | 2,588 4 0} Oo; oO} lO 4 { iis coon 
15} 193,078 | 1,183 248| O| 7| yl 34! 50 34 y y 29 0.40 
16 6,385 | 1,249 4 Ole Ol Ohee 0 4 1,060} 830 
17 3,534 820 766} O| 4! y| 287 0} 0} 287 7] y | RP 36 0.40 
18 136 13 15) Cle do 4 2100 4 v y 37 0.22 
19 6,343 390 633} 4| 4) y| 355 0 355 y y |SR 36 0.63 
20 2,541 416 20) 27) Ole si- 80 8 2,310| 2,150 
21 2,976 907} 266} 4] 26) y} 228 0| 65) 163] 2,000] 400 34 1.30 
22 z x 1 Ti Ott 0 2,900} 2,900 
23 0 0 Liles 50) .0\ elle 0 2,423 | 2,423 
24 | 2,621,542 | 189,557| 1,313] 49) 45] 115} 0} 1,081 1,020] 50-950 
25 259 104 62/ o| 1] 10] 18 1|/ Oo} 18 y y 40 0.30 
26| 450,615 | 2,842} 313] 0] 119) 0] 0 5 1,125} 40-200 
27| 280,026 | 60,2518} 490] 15] 6| 32] 360] ois) 176} 184] 2,780] { M907" st | 0-10 
28 0 0 1 Oln-O! ya 0 0 2,134] 2,184 
29| 25,593 12 44] 0] oO] yl 6 0 6} 1,200 0 25 0.32 
30| 72,134 431 gi; 0) 2] yl 2 1 2| 1,200 y 29 0.35 
31 £ 2 3 2). <6) 20 1 2 1 0 x r 64 vy 
32 3,052 | 2,952 51] 43] oO] 4) 47 0| 47 0| 2,602} 1,145 44 y 
33 339 282 Ai Fi0}, FO|e ete us 3 2,400| 2,350 
34; 5,218 | 1,562 2| of of of o| 2 eid 
35| 87,522 | 14,323] 122] 6] of | 26) 61 2044 Pee bee et 
a0| 43,067 |- 6,185 17/ 1) of of 3] 15/2) 0 $4800] | Se 80 y 
37 221 Biv 20l O\ oie 0 0 1,200} 800 
38 6 0} 513] 10) 13] y| 253 0} 0] 253 y 0 18 0.30 
39 0 0 12))” 10|0l, -o/e0 0} Oo 0 0 20 y 
40 180 1] 376] 16] 15) 16] 47 0} o| 47 0 40 0.10 
41] 4,183,713 | 313,333 | 12,580! 360! 525! 256! 3,321 1,527' 359! 2,971 


5 Gas production figures were supplied by Clarence P. Dunbar of the Louisiana Department of Conservation. Casing- 
pea ot Se is included, totaling 39,401 million cu. ft. in 1939, of which 30,875 million cu. ft. was from the 
2 field. 

_ §The Rodessa Operators Committee estimates Rodessa gas production for 1939 as 59,772 million cu, ft. (41,316 million to 
pipe lines and 18,456 million to air); cumulative total to Dec. 31, 1939 as 466,158 million cu. ft, (234,673 million to pipe lines 
and 231,485 million to air). 

7 Weighted average, Dees-Young, 1107; Gloyd, 217 lb. 
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TABLE 1.—(Continued) 
ge SS RE aS a alc 


Producing Formation Deepest Zone Tested 
to End of 1939 
Depth, Avg. Ft. Fe 
hy wn 
8 = | n 
g Name pec r % & . . 
= g g 3 | Top | Bottoms | ‘se | Name se 
: 2 | Prod. | Pr Bale ey! 
s 3S S Zone Wells 2b 3 aS 
a a: ee: ge 
Pine Island, : 5 as 
1 Lee Pesk CreL OL,S | Por | en oars \ y A | Travis Peak 8,017 
2 { | CreU Sa | Par | $5,200). 870 ts, 
essa Crel 1,010| 1,035 5 AF | Cotton Valley 6,137 
reU = : 
at GreL, 8, OL | Por : { aan y A | Cotton Valley 9,244 
4\9 CreU| 8,C, | p 9 1,000- 
ae CreL | OL, L or | 4,000 y Af | Igneous below salt | 11,419 
uckrange, 3 
: i Tokio } CreU S | Por |{3'tz0/ stsot | % | A [Cotton Valley | 10,068 
ackson Eoc 8 Por 1,415} 1,438 25 i 
7 { Saratoga-Annona \ CreU, C, Fis 1,617} 1,922 " bib eeas pra 
Paluxy, Rodessa CreL Por | 3,150| 3,232 \ & Af | Travis Peak 8,929 
$ A | Cotton Valley 9,198 
Buckrange CreU, 8 2,582 | 2,547 11 
0} { Rodessa Gre’ 8,4, on] Por |{ 4360] a'esz} | iz | a 
10 | Travis Peak CreL 5 10 5,692 | 5,987 15 AL 
11 | Cotton Valley Jur? 8 wiles 8,270 | 8,650 40 A 
12 | Cotton Valley Jur? ') 17 8,570} 8,650 40 A 
13 | 1 pret 8,C | Por 10 | 825-3,500|  y AF | Pine Island 6,488 
re 
Rodessa 
14 Travis Peak \ CreL OL, S 15 { et rate = \ A | Travis Peak 7,698 
15 | | Geeaete io} CreU S | Por |} 0405! otoot| ¥ | A | Pine Island 5,382 
16 | Monroe gas rock CreU LS Por | 2,336] 2,344 8 D | Igneous 3,142 
17 | Buckrange CreU s Por 2,655} 2,680 25 A | Pine Island 5,092 
18 oe CreU 8 Por 2,538 | 2,581 11 NL | Paluxy 3,373 
cn 
2 Buckrange _ CreU 5 Por { Ae age 63 AF | Cotton Valley 4,504 
zan, Tokio, Pine CreU, 5,100} 5,200 
20) (Island, Cotton Valley } CreL, | 5: OL | Por { 8,400} 81532 | 50 | Af | Cotton Valley 8,582 
ur? 
21 | Pine Island CreL O 20 5,275 | 5,300 12 N 
22 | Cotton Valley Jur? 8 Por 8,444) 8,464 20 A | Cotton Valley 8,900 
23 | Rodessa CreL OL Por 4,953| 5,187 | 30 A | Rodessa 5,187 
24 | Monroe gas rock CreU LS 23 2,145] 2,205 | 50 A | Jurassic? 10,475 
Hd end ky |oeu | s’ts | Por | 3340| 2447 | 75 | A | Cotton Va 2080 
onroe gas roc’ re 5 or i : 76 tt nt 9,986 
26 or Glen pean CreL = Fae] enna 
, L 5,560 | 5,600 ? 
2 | Rodessa Cre, { Es-or| 585 |{ Bee. boo \ 5-80 | AF | Pre-Cre, salt 11,486 
28 | Pine Island CreL OL Por 5,316 | 5,822 10 A | Travis Peak 5,822 
29 | Buckrange CreU s Por | 2,681] 2,700 11 A | Rodessa 5,120 
30 | Buckrange CreU 8 20 2,665! 2,680 12 A 
31 | Cotton Valley Jur? Ss Por | 9,000} 9,680 20 A | Smackover? 10,462 
32 | Pine Island CreL OL Por 5,550] 5,581 15 A | Travis Peak 6,025 
33 Hotes CreL OL Por eal bh 1 40 A | Cotton Valley 10,383 
essa 5,28: 530 . 
34 { Rode <P ext CreL OL, S | Por { 6451] 6.576 } 30 A | Travis Peak 7,023 
35 | 4 Pate §, OL | Por u 850-5,200} 30 A | Travis Peak 6,112 
fy re 
Rodessa OL, 18 4,370 | 4,400 13 
36 | {Boers nd, Travis Peaky| CL | gst | Por {500| 5730 | 0} | A {Smackover? Oe 
37 | Paluxy CreL S Por | 2,840) 2,850 | 10 AL | Pine Island 5,930 
38 | Cane River-Wilcox Eoe iS] Por | 1,520) 1,530 9 MU | Tokio 6,463 
39 | Jackson Eoc 8 Por 794 804 9 NF | Wilcox 2,435 
40 { Saratoga-Annona \ CreU Cc 
i Paluxy CreL L Fis 2,100} 2,500 z Af | L, Glen Rose 7,155 


ANN tl a ee ee 
8 Different areas produce gas from Nacatoch at about 1000 ft.; Buckrange, 1950; Tokio-Paluxy, 2300; Rodessa, 4650; Pine 


Island, 5850; Travis Peak, 5900 to 6100. 
9 Production from Nacatoch at about 1000 ft.; Saratoga-Annona chalk, 1400 to 1900; ‘‘Blossom,” 1825; Tokio-Paluxy 


2250 to 2400; and at Pine Island, from Rodessa formation, 2800 to 3000; Pine Island formation, 3700 to 3800; Travis Peak 


3900 to 4000. 
10 Production from Nacatoch at about 800 ft.; Saratoga-Annona chalk, 1400; Eagle Ford-Paluxy, 2600; gas from Paluxy, 


500. 
1 Production from Nacatoch at about 850 ft.; Buckrange, 1725; Tokio, 2450; Paluxy, 2750 and 3100; Rodessa, 4100 to 
4275; Pine Island (Pettit member) 5100 to 5200. 
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tested dry in the regular Rodessa producing members at 5610 to 5860 feet. 

In Sligo field, Bossier Parish, three ‘‘Pine Island” (Pettit zone) gas 
wells were completed, besides three oil wells in the 3100-ft. zone. In 
Bear Creek field, Bienville Parish, two gas wells were completed, one 
each in the Pine Island and Travis Peak formations, extending the field 
2 miles northeast. One gas well was completed in the Pine Island-Travis 
Peak contact zone in Sugar Creek field, Claiborne Parish. 

Monroe Field.—In the Monroe gas field 49 gas wells were completed 
in 1939; 9 in Morehouse Parish, 6 in Ouachita and 34 in Union. Gas 
withdrawals increased about 16 billion cu. ft., or almost 10 per cent. 

One of the most important deep tests ever drilled in north Louisiana 
was drilled in the northern part of the Monroe gas field. The Union 
Producing Company’s No. A-1 Tensas Delta Lumber Co., sec. 8, T. 22 N., 
R. 4 E. was drilled to 10,475 ft. The Cotton Valley formation was found 
at 4422 ft., followed by 886 ft. of Smackover limestone and equivalent 
beds from 7228 to 8114 ft., the typical Buckner formation being absent. 
There was 968 ft. of rock salt to 9082 ft. Below the salt was 231 ft. of 
red shale and anhydrite, then 1150 ft. of dark-colored shale, with 12 ft. 
of very hard sandstone in the bottom of the hole. Fossils found in the 
thick dark shale below the salt are reported to be definitely of Mesozoic 


TABLE 2.—Summary of Drilling Operations in North Louisiana in 1939 


Important Wildcats Drilled in 1939 


Location 
Total 
Parish Depth, Nectar Drilled by 
Sec. | Twp. | Ree. ; 

1 2N| 4E | 6,600 | Pleistocene | Wilcox Adams Oil & Gas Co. 

2 16N | 10 W] 8,532 | Wilcox Cotton Valley Arkansas-Louisiana Gas Co. 

3 17N| 6W}] 7,947 | Claiborne | Travis Peak Hunt Oil Co. 

4 19N | 13 W] 6,041 | Wilcox Travis Peak H. Hanbury et al. 

5 16N|10W] 5,667 | Wilcox Travis Peak Union Producing Co. 

6 17N | 16 W} 6,400 | Wilcox Travis Peak Arkansas-Louisiana Gas Co, 

7 17N|13 W| 6,003 | Wilcox Travis Peak D. J. Crawford et al. 

8 18N | 14 W| 5,608 | Wilcox Pine Island J. P. Driscoll et al. 

9 15N|12 W| 6,010 | Wilcox Travis Peak Prairie River Syndicate 
10 19N | 15 W| 6,042 | Wilcox Travis Peak J. O. Whittington et al. 
11 21 N | 15 W | 11,419 | Wilcox Igneous rock be-| Stanolind Oil & Gas Co. 

ow rock salt ‘ 
12 | Caldwell............ 31 | 12N | 3E | 7,538 | Claiborne | Upper Glen Rose] Arkansas Fuel Oil Co. 
13 | Catahoula...........| 33 | 11N]} 8E | 5,023 | Pleistocene | Midway Bell Drilling Co. 
14 | Claiborne...,....... 36 | 21N|] 5 W] 8,901 | Claiborne | Cotton Valley Lisbon Exploration Co, 
15 13N]| 8E | 1,889 | Pleistocene | Rock salt Continental Oil Co. 
16 5N]/ 3 W| 5,057 | Catahoula | Wilcox Longwood Oil & Gas Co. 
17 22N| 4E | 10,475 | Claiborne | Jurassic? Union Producing Co. 
18 1N| 3 W| 7,528 | Citronelle | Wilcox Gulf States Exp. Co. 
19 13N|12E | 4,172 | Pleistocene | Rock salt Continental Oil Co. 
20 23.N | 2W| 8,755 | Claiborne | Smackover Standard Oil Co. of La. 
21 1N| 6 W} 9,065 | Citronelle ilcox W. T. Burton 
22 23N | 9W] 9,380 | Claiborne | Cotton Valley Magnolia Petroleum Co. 
23 20N | 10 W| 9,198 | Claiborne | Cotton Valley Oliphant Oil Corp. 
24 18N | 8 W | 10,388 | Claiborne | Cotton Valley Union Picdudag Ch: 
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types, probably Jurassic. This well reveals an important series of beds 
whose existence was previously entirely unknown in the geology of 
North America. 

The Smackover limestone in this well had some porosity, but showed 
salt water on testing. It was completed in February 1940 as a small gas 
well in the Monroe gas zone, after plugging back and perforating at 
2163 to 2225 ft. 

Richland Field.—Late in 1939 the United Gas Pipe Line Co. ceased 
purchasing gas in the Richland field. Some gas is still produced by five 
wells for local use, but future production will be negligible. The field 
had a total marketed production of some 450 billion cu. ft., or a little 
over 9,000,000 cu. ft. per acre from 49,280 acres. Probably a much larger 
quantity of gas was wasted from several wells that were allowed to crater 
during the early development. 


TaBLE 2,—(Continued) 


Important. Wildcats Drilled in 1939 


Initial Production 
per Day Choke or 
Bean, |Pressure, 
e Frgctions pb. per Remarks 
: q as, of an q. In. 
wa ®-] Millions] Inch 
: Cu. Ft. 
1 Dry 
2 | Distillate 3 Open 3,140 | Discovery of gas-distillate in Cotton Valley formation, Lake Bistineau field 
3 | Distillate} 114 Ys .| 2,900 | Extends Bear Creek field 2 miles northeast 
4 Dry. East of Dixie, north of Shreveport field 
5 ill Dry. Limits Lake Bistineau field on west 
6 | Distillate} 1014 Open 2,380 pete Aiea field deep production 2 miles east and into La. Perforated 
7 Dry. In old Cedar Grove gas fiel 
8 Dry. Limits Shreveport field on northwest 
9 Dry. In Caspiana area of Elm Grove field 
10 Dry. Blanchard area ’ 
11 0 114 2" thg. 889 | Dry in deep zones, completed in Travis Peak at 3903-3938. Pine Island 
4 area, Caddo field . 
12 Dry. Northeast of Urania field 
13 Dry. Deepest test in Parish _ 
14 | 64 dist. 3 34 2,900 | Perforated 8444-8464, Discovery of gas-distillate in Cotton Valley forma- 
tion, Lisbon field 
15 Dry. Discovery of a new salt dome 
16 Dry. Deepest test in Parish 
17 0 21% | Open 1,000 | Dry in deep zones, completed in Monroe gas rock at 2163-2225, On north 
i of Monroe field 
18 Dry 4 
19 | Dry. Discovery of a new salt dome 
20 De Southeast of El Dorado, Ark., field 
21 : 
22 130 y By heads|~ y | Plugged back to 9182. Discovery oil well in Cotton Valley formation, 
Shongaloo field ; 
23 Dry. Deepest test and limits Cotton Valley field on southwest 
24 Dry. Deepest test and limits Sibley field on northeast 


fee oe 


Number of wells drilling Dec. 31, 1939. ......... 0222+ sseeee eee ee eee eens 57 11 
Number of oil wells completed during 1939........-..-....eseeeeeeeeeeeeees at ; 


Number of gas wells completed during 1989..............+-++++ereeeereeees 
Number of dry holes completed during 1939 
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Other Old Fields.—Among the other old fields, Zwolle was most active, 
with 16 oil wells and 21 dry holes completed, and a 21 per cent increase 
in production. Also, 6 oil wells were completed in Converse field, 10 in 
Urania, 9 in Bellevue, 4 in Homer and 4 in De Soto-Red River. 

Salt Domes.—In Tensas Parish, the Continental Oil Company’s 
No. 1 Cammack, sec. 31, T. 13 N., R. 12 E. was completed in July, dis- 
covering a new dome. Top of the salt was at 4123 ft. and total depth 
4172 ft. In Franklin Parish, the Continental Oil Company’s No. 1 
Sherrouse, sec. 22, T. 13 N., R. 8 E. was completed in September, with 
top of the salt at 1778 ft. and total depth 1839 ft., as the discovery of the 
third and shallowest salt dome in the alluvial valley of the Mississippi. 
There have been no important showings of oil in any of the six tests 
drilled by the same company on these two domes and on one discovered 
in 1938 in Madison Parish. 

Other Deep Tests—Deep wildcat tests outside the fields include 
the following: 

In Caldwell Parish, sec. 31, T. 12 N., R. 3 E., the Arkansas Fuel Oil 
Company’s No. 1 La. Central Lumber Co. was drilled to 7538 ft., being 
the first deep test in that parish. It found an apparently normal section, 
with about 4500 ft. of Eocene beds, 2200 ft. of Upper Cretaceous, and 
penetrated more than 800 ft. of Lower Cretaceous, evidently Paluxy 
or upper Glen Rose, as no anhydrite was reached. 

In northwestern Union Parish, sec. 14, T. 23 N., R. 2 W., the Standard 
Oil Company of Louisiana’s No. B-1 Frost Lumber Industries was drilled 
to 8755 ft. It penetrated about 2840 ft. of Cotton Valley formation, 
which lacked good porosity; found no Buckner anhydrite, and reached 
the top of the Smackover limestone at 8627 ft. Some of the limestone 
was porous, but it carried salt water. 

In Caddo and Bossier Parishes several unsuccessful tests were drilled 
to the Pine Island and Travis Peak around the Shreveport oil field. 
These are listed in Table 2. : 

In Catahoula, LaSalle and Grant Parishes, and in the northern town- 
ships of Avoyelles, Rapides and Vernon, 23 wells were drilled, mostly on 
geophysical prospects, to test the sands of the Sparta and Wilcox forma- 
tions, which produce oil in Urania, Cheneyville and Eola fields. Depths 
ranged from about 2000 to more than 9000 ft. All were failures. The 
deeper and more important tests are listed in Table 2. 

Conclusion.—Deep drilling in north Louisiana in 1939 did not encour- 
age hopes for any large reserve of oil in deeper formations. Tests into 
or through the Cotton Valley formation have become fairly abundant. 
Three wells, not on salt domes, have reached the Jurassic (?) salt bed, 
and two have penetrated its entire thickness. In the pre-Cretaceous 
formations, small production has been found in the Cotton Valley for- 
mation at Lake Bistineau, Lisbon and Shongaloo, but satisfactory sand 
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conditions are known to exist only at Cotton Valley. ‘The Smackover 
limestone does not produce anywhere in Louisiana, and has had no satis- 
factory porosity in any wells south and west of Union and More- 
house Parishes. 

Drilling activity and oil production may be expected to decline further 
in 1940. A few more deep tests are planned on known structures, 
including Haynesville and the area north of the Lisbon field, but the 
fact is that a substantial increase in prices of both oil and gas is needed 
to insure satisfactory profits from such productive formations as are 
known or indicated below a depth of 8000 ft. The Sparta-Wilcox trend 
across central and northeastern Louisiana still has possibilities for pro- 
duction at more reasonable depths. 


Petroleum Developments in Southern Louisiana in 1939 


By J. Brian Epy,* Member A.I.M.E. 
(New York Meeting, February 1940) 


Tue Gulf Coast area of Louisiana enjoyed a particularly active and ~ 
profitable year in 1939. Fifteen new producing structures were located 
and approximately sixty new producing sand horizons in old fields were 
opened in that period of time. 

The most important new discoveries are the Eola field, Avoyelles 
Parish, and the Paradis, St. Charles Parish. The Eola strike was 
indicated during December 1938, but the well was not placed on produc- 
tion until January 1939. Eola is particularly important because it was 
the first discovery of oil in a commercial quantity in the Wilcox forma- 
tion in that area. Sid Richardson, of Ft. Worth, Texas, drilled the first 
well on the Haas Investment Company’s property, which encountered 
the producing sand at a little below 8500 ft. Within the year 48 wells 
were drilled, 42 being commercial producers and 6 dry holes. 

The second most favorable discovery was the Paradis field, which 
was discovered by The Texas Company’s Louisiana Land and Explora- 
tion Company’s Paradis No. 1 well, in St. Charles Parish, just west of 
New Orleans. Detailed information concerning this field has not yet 
been made available but it is reported that the oil sand is as much as 
175 ft. thick. The initial production indicated was 1750 bbl. daily and 
reports suggest a very large structure. 

In Calcasieu Parish the Humble Oil and Refining Company’s Edge- 
wood Land No. 1 discovered gas in the Oligocene at a total depth of 
7042 ft., in the Perkins area. Although two additional dry holes have. 
been drilled in this prospect, it is still believed to have some merit. 

A new discovery is credited to Cameron Parish with the finding of 
Miocene oil in the Superior Oil Company’s State No. 1 well in Grand 
Lake. The Chalkley field, Cameron Parish, is credited as a 1938 dis- 
covery but was largely developed in 1939 into one of the more important 
new fields. During the year 13 wells were drilled, 8 being oil wells and 
5 dry holes. The oil is found in the Oligocene at depths of approxi- 
mately 9000 feet. 


Summarized at meeting; manuscript received at the office of the Institute April 
24, 1940. 


* Consulting Geologist, Houston, Texas. 


324 


J. BRIAN EBY 


325 


TaBLE 1.—Oil and Gas Production in Southern Louisiana 


Field, County Year of 
- Discovery 
a) 
| 
a 
t4 
o 
i=) 
3 
RaWA DEV Ie RV CFITEEOT c's as vrai s'ecseraleigraTcco es ie.eid.o~ eleven w ele 1937 
2ivAnse-La Butte, St. Martin... 1scccceesces oct sae ve 1902 
BE BANCrOltysPCGULCGOTE ss. «vse ve ves cemin eslacuinie cele 1938 
Ah SSATSEADID, al CL ONOOM cicleiwn acs ov su woe ae Melbiecwje sine eee 1939 
Dipateman Lake, St Marys <. oc cow «crosses cation vet 1937 
OU DAVOU DUG: NOCTOUE issisake > © ao.oa ares Sa cqel duces 6 oe 1929 
Z| Bayou Bouillon, St. Martiti...... 2s <iewc ve se cece one 1902 
8 | Bayou Des Allemands, St. Charles................5- 1937 
On eavou Mallet; Acadia. ccc. seer asic ae nies erie es 1936 
LOM Bay ste Blaine, TerreQonnes < 2.2 .a0.0< soi is eorpiors o)eisis's 1934 
TALES eA Gm COMENOM NY, «12 ele dlersicte/ersia'cfsielerdsarecchejels\eio-civle 1935 
AQ BACK BAYOU.) COMENOM. sur siclewsiv wove ccc ole te mes ae 1929 
13 | Bosco (and Cankton), Acadia, St. Landry........... 1934 
14 | Caillou Island, Terrebonne...............-:2000-005 1930 
15 | Cameron Meadows, Cameron............000050e005 1931 
TeWwi@hacahouls, Lafourche... cc .r.ccacen sense - cower : 1938 
Pasa ley | GaNieroty oa otra o> Sac ec) ol hw sitngase Slbtege cena 1938 
18 | Charenton (Inc. West Charenton), St. Mary......... 1936 
TOM sWnoneyvilles MANIGES. |. ote Wiaie v= niactsleieple oie see ste oe 1935 
POIGHOCTAW. MOLTELC te sleacris sense ace vac ne ee aide sama 1931 
PMMA OTE COM Gy aS fork GILES! trace oie aie iss sie at) «roe.jo\c fa othe ole ake 1938 
PIM MOLEOLe) | CGMETON . suien. sane. Fact aye vrais ices ete 1938 
paiGrowley, North, Acadia, ..1. 6... scp essen odinvecee 1937 
De HiGrowmleysouth, ACHHICs ci. .c. cies tous rsiccie soeds Abandoned 
MIM RUROWAEABCETETON jsiaic!olertcere nvarcic b's »\0\o 'n, gia lareysldmln sais : 1932 : 
26 | Delarge, Terrebonne........% 00+ eee ee cece eee es 1938 
97 | Dog Lake,.Terrebonne.......22+060..eserr ee eeennes 1935 
28 | Edgerly, Calcasieu......... HG epob Od JUNREUnRL aEeohs 1912. 
29 | Elton, South, Jefferson Davis...........+++-00-005: 1937 
36) Witon, North, Allen. . 02.5 scene voc n ce ndennee ce cices 1939 
SAMMBOlay AgOyCllEN, pra.0 1.10 assrielelere ens nares ee 24 nimusleian 1939 
SD) Masse POMt, [OCT s..c6 00 oc cs ep ec ewiaie sien dee nes | 1926 
33 | Four Isle, Terrebonne. ..........0cceeceeeereeerees Abandoned 
34 | Garden Island Bay, Plaquemines........-..+--+++++ | ©1935 
35 | Gibson, Terrebonne.......0.0.rececrcecernrecccess 1937 
36 | Gillis, Calcasiew.......- 1.0. cee scene eee e erent eee el 1934 | 
37 | Golden Meadows, Lafourche.........-.-..+4+. eee | 1938 
38 | Grand Bay, Plaquemines..........- BAT Aestetide one 1938 
39 | Grand Lake, Cameron...........-.seeeeeeeeeeeeees 1939 
40 | Gueydan, Vermilion..........00ecceese cere e eect 1932 
41 | Gueydan, West, Vermilion...........+000++000eeee% 1938 - 
42 Hackberry :(old), CAMERON ee alo vais exinsie rhe eo 1927 
43 | Happytown, St. Martin... Sor gee Ee ese 1939 
44 | Hackberry, Hast, Cameron.......-..; 000+ e errr rey ae 


Henderson, St. Martin..............--.+--- +++ 


Area Proved, | Total Oil Production, Bbl. 
, To E : 
Ot | Gase| TOBadof | During 1939 
160 o| 374,308 164,648 
50 0| 968,598 24,254 
640 y| 911,209 895,555 
40 y 17,046 17,046 
500 o| 888,066 246,000 
40 91,966 6,966 
52 | to 422,622 13,801 
100 | 20 187,998 62,582 
60 | 10] 254,693 84,637 
120 z| 268,250 132/000 
160 | 160 68,689 6,616 
100 7,000,000 | 1,050,000 
1,250 18,094,176 | 1,689,280 
400 o| 27,438,288 | 4,081,000 
200-+ 6,555,940 795,104 
400 380,761 331,000 
1,500 | 500| 217,000 216,000 
375 o| 3,634,401 | 2,844,127 
6502 784,309 361,813 
120 2,646,047 408,174 
40,184 18,000 
100 o| 731,702 574,72 
500 o| 1,208,000 815,300 
200 o| 3,566,000 | —1,042,000 
7 x 48,205 34,346 
50 o| 1,847,432 225,000 
y y| ___ 9,433,200 59,415 
100 | 100] (dist.) 13,586 830 
0 | 320 0 0 
2,000 o| 1,015,616 | ‘1,015,616 
20 0 48,133 11,000 
250 o| 2,408,037 592,000 
350 o| 2,527,364 | 1,118,000 
1,050 | 150| 18,082,617 | ‘1,927,735 
400 o| . 749,204 747,000 
320 o| «547,972 495,195 
120 o| —-126,975 126,075 
25 0| 1,082,624 150,511 
120 | 20] - 152,208 122,345 
350 o| 6,392,000 | —_—1,274,000 
2 2 13,828 13,828 
y y| 22,860,092 | —+1,949,788 
50 0 000 21,000 


b Footnotes to column heads and explanation.of symbols are given on page 239. 
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PETROLEUM DEVELOPMENTS IN SOUTHERN LOUISIANA 


Total Gas Production, | Number of Oil and/or Gas tion Reservoir Pressure, Character of 
Millions Cu. Ft. Wells Methods, Lb. per Sq. In. fa Oil 
End of 1939 5 
During Number $ 
1939 | End of 1939 | of Wells 2 
te : So a Avg. at be % 
8 | To End of | During 2 pee 7 s |PS 
E 1939 1939 3 g z a8 Fy ¥ ae Initial = = Ses =: 
— = co co ‘So 2 
4 ao| |B lesiselsz| & |Se g eSe5| ay 
2 Ba] 2 | 2 EalES|ES| & |= S |far<| 3e 
3 OF15 | 4 IBV iaW| & I< ma jo * a 
1 1,484 883 8 olnae 0 8} 0 8 0 42 —0.1 
2 0 0 9} O| 0; 0 9} 1 0 9 z y 22 y 
3 y y 32) 24) 0 0 32) 0 32 0 2,600 39.6 
4 15 15 1 LOTS ie 0 1 3,300 0 36 
5 5} 4) 0 1 4; 0 4 0 z z 33 
6 y y 8 a 6 y 2); 0 0 2 650 375 19 v 
7 y y 56 1} 0 1 Lod 0 2 z x 0 25 y 
8 3 1} 0 0 Zien 3 0 36 0.11 
9 5 0} <0") 20 5 5 0 30 
10 10) \ Ala) Ce 44 2) 3 1 29 
a1 275e! 43¢ 5 0} 5 5 0) 0 0 0 1,825 0 0 38.8 
12 3,500e 500e 27 0 3 19} 0 10 9 2,180 0 25 0.15 
13 69 0} 3 1 56 56 0 PM | 38.8 
14 45 6} 0 4/ 41; 0| 31 10 y r 34 
15 56 1] 3 1 32) 0 0 32 0.3 
16 4 ie ee 4) 0 4 0 0 32.5 0.14 
17 x 2 10; 9} 0 0 8} 2 8 0 y 7] 0 36 0.12 
18 144] 101} 1] 3 | 139 18 | 119 7] 19-37 0.2 
19 6,637 1,357 22) 14) 2 0 19} 1 19 2,300 1,600y 0 36.6 0 
20 12 2} 1 0 12] 0 8 4 27-39 0.11 
21 2 1} 0 1 1} 0 1 0 38 0.10 
22 9] +6) 008170 9} 0 9 0 34 
23 17 6} 0 0 17) 0 17 0 7] 7] 0 35 0.17 
24 
25 24 5| 0 1 14) 0 14 0 y y 0 38.5 0.12 
26 y y 2 0} 1 0 1 1 0 6,250 6,250 0 50. 
27 12S ye On) ae 8} 0 8 0 39 : pee 
28 7] 7] y| 1 I3}-y) 1) y y y y Vv 27 
29 2| 70) <0.) 20 1} 1 1 0 0 52 0.10 
30 0 0 210 FSi Oh. ea 0| 0 57.1 
31 1,219 1,219 47, 47| 0} 0 47) 0 47 0 3,700 3,650 
4 2 1) 0 0 2; 0 2 0 u 
34 23 7| 0 6 15) 1 15 0 37 
35 14 1} 0 1 13) 0 13 0 37 
36 2 x 80 1} 2] 16 42) 4 21 22 
Seed, Geum blticaebl Hct hice ole emere et anal 
0 8 0 3,850 3,850 
39 GlaeG| OveOn| ears eat a| eG). 0 te = 
40 zr x 5} 0; 0} 0 5} 0 3 2 z x 0 27 
41 4, 3] 3 4) 0 4 0 
42 111) 12 0 | 106) 5 34.2 
y y y 56 | 55 { ae af 
43 - 21 21 1 1} 0:1 *0 Peo. L 0 4,440 4,440 0 37.7 
44 4 y | 62] 10] 7| y| 62] y| v| y| 2094 y 30.9 yo 
45 1 a] ll 0 1 0 39 


1¢ indicates “estimated.” 
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Producing Formation gree orig 
Depth, Avg. Ft. 
: ee Z 
= 3 5 <=. . 
g Name % 3 3 at 23 2 Name ssi 
a 3 g Ayo Es A wy Ss) ao 
2 3% 3 aah ee Ga er Aoee a - BS 
es < ro) aq e am Zs B qa 
Brookshire, Hebert : Brookshire Sand p 
1 { SD hon so Mio Sand Por { 7,860 7,900 40 DS Obgooene 12,214 
2 Mio Sand 30 1,300 1,350 y SD | Miocene 6,204 
3| Bancroft Eoc Sand 25 7,360 7,260 60.0) DF Foon (Ckf- | 8,091 
eg. 
4) Miocene Mio Sand ee mated DS | Miocene 12,222 
° 5 H 0, 0 : 
5 Miocene <— Sand Por { 10900 | 10/905 \ 10 D oe 11,871 
6} Pliocene Pli Sand Por ty 1,720 10 DS | Vicksburg 8,090 
7 Mio Sand 27.5 1 rere 32.5} D |L. Oligocene | 6,471 
8 Mio | Sand 6,820 | 7,700 20 | D | Salt 9,263 
9| Marginulina Olig Sand 6,386 7,198 20 D_ | Vicksburg 8,404 
10] Miocene Mio Sand Por pee 5,643 60 DS | Miocene 10,513 
Mio-Discorbis and Mi ’ Mio 80 a 
ll 1 Olig Discorbis { ie \ Sand z S00 9,200 Olig 3 AF | Marginulina /|10,521 
12 No.1to No.5sands | Mio Sand 25 eo ato 40 | DS | Frio 8,321 
. is, ti 
13 1 aaa Sina Olig Sand 7,830 9,118 90 D_ | Vicksburg 10,432 
reli 
14 Mire Mio en Por 4,510 6,813 90 es Miocene 6,813 
16 ener 27 | 7,200 | 7,250 17 | §D | Miocene | 8,311 
17| Discorbis Olig Sand : Por 8,400 8,950 15 D | Marginulina |11,693 
Unconsol- D P 
18 Mio 1 idated Por |{ 7900} |{7200¢| 30 [Spf] Miocene [10,690 
E Sand Good| 5,650 5,800 50 D8 | Wilcox 9,251 
20 oe a Mio Sand 2,435 8,396 45 SD | Oligocene 8,969 
21 {oie } | Sand Por | 8,035 | 8,045 10 | DS | Vicksburg 10,012 
22| Miocene Mio Sand 5,100 6,640 100 D Miocene 9,895 
23} Heterostegina {oie } Sand Por 7,185 8,788 20 D_ | Vicksburg 10,632 
24 ‘ 
25 { Nae Miocene, } { bie } Sand Por 5,600 8,265 35 | DS | Vicksburg 8,445 
26 ian | ene Sand Por | 13,208 | 13,338 77 AF | Miocene 13,333 
i i d Por 3,206 6,842 15 DS | Miocene 7,918 
Sri Miece Mio [Sani Por | 2'750 | 4'350 y | DS-lVicksbure” | 7000 
29 Mureinelina Olig Sand 40 | 9,137 9,139 2 | D | Marginulina |13,000 
. 7,272 , i 
30] Frio Olig Sand 30 { 7/492 {Foot rel Mes mt 
i Eoc Sand 30 8,440 8,570 6 ilcox } 
0 Fae Mio Sand Por 3,150 i it DS | Miocene 12,125 
34 Miocene Mio Sand Por eee ee 15 DS | Miocene 7,200 
35| Miocene Mio Sand Por { 9'460 19518} a ‘2 et ae 
i i io-Oli 5,156 ,050 icksburg 5 
7 ee ee a ae Sand bor 8,500 8,510 10 D | Miocene 12,526 
38} Miocene Mio Sand Por 6,118 9,990 30 D afiocene ee 
39] Miocene Mio Sand 6,700 ee 270 D iocene y 
40| Miocene Mio Sand Por ra00} 40 a U. Oligocene ee 
i Mi Sand B 
41} Miocene 10 3100 
42 { bie! \ Sand 30 4,300 8,210 45 | SD | Oligocene | 8,265 
i209 9,770 25 DS | Marginulina {10,000 
id betters Ol Sond (he eo Riese DS | Frio 7,208 
45| Oligocene Olig Sand Por 8,570 8,590 20 | DS | Oligocene 9,011 
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Area Proved, | Total Oil Production, Bbl. 
) 

Field, County moe 
g End of : 
q ot | Gas? | TERE | During 1939 
4 
a 
pies! waned 
46 | Horseshoe, Bayou, St. Mary..............2.-0++05- 1937 200 0 587,561 285,000 
AGA Houmas oT errebonvee 2608 rcetaeies cieie.s. insole ttemsielssn piglets Abandoned 
48 | Houma, South, Terrebonne..........0006200ee eres 1938 100 100 158,723 143,000 
49 | Iowa, Calcasieu, Jefferson Davis...........0...-50-5 1931 920 920 38,838,000 3,940,000 
60: Jeanerette, St. Mary. <ocicccve cass s.aethaeiteele a taal 1935 300 50 
51) | "Jefferson Istand,.1be7ta:.)..0cc0.\ca es es sie ob sisle Rance 1938 100 0 170,229 149,000 
BA Tenn gs, ACA. - o citaivciie seattle fs ils lap eet 1901 480 67,647,678 4,899,414 
53 | Jenning, South, Jefferson Davis..............-.-..-- 1934 0 480 0 0 
54 | Kennilworth, St. pene ee ...| 1989 y 8,184 8,184 
55 | Lafitte, Jefferson....... ee ade 1935 2,400 0 18,207,100 4,748,000 
56 | Lake Barre, Terrebonne. eR 1929 3: 0 16,120,674 350,000 
57 | Lafourche Crossing, Lafourche...........-..000.0005 1939 35,725 35,725 
58 | Lake Hermitage, Plaquemines................--.5+- 1934 100 0 142,000 21,000 
50 | Lake Long, Lafotirche....0cccvscccsccmessescadencs 1937 2,500z z 790,095 431,252 
60 | Lake Mongoulouis, St. Martin................-05-- 1939 20 0 5,000 5,000 
61 Lake Polto, Terrebonies.< + vac.nststesararaleae «oes 1929 80 0 1,382,570 389,000 
62 | Lake Verrett, West, St. Martin. . eRe ae 1938 80 135,912 130,000 
63 | Lake Washington, Plaquemines. . Ne a eee 1931 160 0 2,681,000 265,000 
64:) LaPice, (St, James. is esicisss.das coeietar iste aaa gatates 1939 0 z 3,602 3,602 
65 ace, St. rake the Baptist.. Pia eee ly) PORE 40| (dist.) 4,173 (dist.) 4,173 
86: ) Leesville; Za fotirche dao 6 ais. cietwsnis 0 :« cieleel psig Seve Oiats nim 1931 480 0 20,311,503 1,324,000 
OFT Lavette, Terrebonne. tcc ta cide socks See ce ee c.0.2 1937 0 300 39,705 6,000 
68: Lockport, Calcastew tit. as.caeies ons fa atew dss yeneels 1924 350 0 14,927,133 376,744 
60’ New. Wberig, [barid: ci. ccc cinee.sontas smtoatas ware sp 1917 250 0 18,135,664 4,145,000 
70 | Paradis, St. Chavlenons cca. ee ee et 1,000 0 18,000 18,000 
71| Perking, Caloasieus,.'. 2%.» syacateteasuna alse tees ee Sale 1939 40 0 
72 | Pine Prairie, Evangeling.............0ce ec ee eee eeee Abandoned 
731] POL BETS, She: LANGUE. Os Caice wi tie ctt als 2A cits a 6 1929 300 0 8,146,000 672,000 
74:| Potash, Plaquemines, ices cc nsicctn ale ea saa en rina 1937 150 0 3,000 132,000 
75 | Quarantine Bay, Plaquemines..............00.00005 1937 640 0 1,165,038 901,288 
T6)|"Raceland; Lafourche. cin..cccectanos cn pares ves ace 1938 60 40 752,302 
77) Roanoke, Jeffersett, Davis sis cinectsess oais expan s csv 1934 750 8,060,000 900,000 
78 | Roanoke, South, Jefferson Davis.............5....+: 1937 1,200 305,000 270,000 
79 | St. Martinsville, WE MOTTE ais raat: cara Cae 1935 100 0 1,005,880 203,855 
80) | Sorrenta, (AGInson 2 aerate vice dacs vrelvietar er sikely see's 1928 100 1,016,185 118,485 
8): || Starke, Caloasietls .'sfsi.% oie ass iniessied estan ans oe 1925 60 0 2,921,513 162,803 
82 | Sulphur Mines, Calcasieu...............0ccecee cues 1926 140 0 13,971,000 1,384,000. 
83 | Sweet Lake, Cameron..........60.0c ccs euceenenees 1926 100 4,270,000 373,000 
84 | Tepetate, Acadia...... LeisleiagtAos ge wai emaBe tere ar 1935 1,200 7,447,362 1,827,510 
85 |. Tepetate, North, Acadia.........s.seccseveccevess 1938 0 | 1,600 67,325 59,158(y) 
86 | Timbalier Bay, Lafourche........0.e.ccceceeceeuees 1938 60 0 y y 
87 | University, S. Baton Rouge, E. Baton Rouge......... 1938 720 120 
88 | Valentine, Lafourché.....s.csjeccccsceneesevesenes 2 1936 150 3,720,768e 1,087,000 
89 | Venice, Pla ene Lens iat Rol ate Pru aia hint Tea 1937 100 1,163,246 3 
90 | Vermilion MONE os coin na ees Uh ne nce 1939 50 ° : Miki 
91 | Ville Platte, | Begnigalihakss.ahascccn cee ae oe 1937 1,500 4,109,312 3,305,972 
OS NVinGon, \COLGREU, Scanids wishin s crex rime esinieroatnaen 1910 300 45,022,300 415,475 
93.| Welsh, Jefferson Davis... ..0...6...ceeeeeeeee esas 1902 100 0 637,166 8,969 
94| White Castle; 20ers. ic... cick bss ceeetuecees 1929 200 3,466,000 630,000 
95 | Woodlawn, Jefferson Davis................0ce ee ees 1938 200 360 682,000 476,000 
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; il-produc- 
Total Gas Production, | Number of Oil and/or Gas tion Reservoir Pressure, Character of 
Millions Cu. Ft. Wells Be aii Lb. per Sq. In. ss Oil 
ind of 1939 8 
During Number 3 
1939 | End of 1939 | oF Wells & 
A : oa is 
| ToEnd of | During [=X >E “s Avg.at | & Ip 
g| 1939 1939 [B=|/3 | 8 fs FS bo | sp zt Initial ae ; < Be) 
Zz Ze eg) gisers fs.| 2 I's poe e| ys 
: Fel a | 2 |szeel3| | |e £ EBSE| a5 
5 om] 6 | & skles6 6 |B S$ [Ser 2! os 
aaa ORS |= eZ IGCWmo) g ja4 ae joes) Be 
46 4, 2) -0!] 0 4) 0 4 0 40 
47 
48 1,257 1,049 2 1), 0 0 S50 <2 0 4,800 3,600 0 37.7 0.10 
49 27,230e 2,800e 80 2} 0 0 48) 0 40 8 3,100 2,925 0 35 0.09 
50 23 1 23] 1 22 1 2,950 36 
51 4 2| 0 0 4, 0 4 0 37 
52 649) 25) y y | 158 90 68 23-40 
53 2,809 1,894 3 t 0 0 0} 3 3,921 3,921 
gee sass asy al sl et | fats 
56 42} 1) 54 2] 22) 0) 91 18 29° 
s Mell sAicthittedize $3) 28 ¢ |B. | a3 
2 z 0 y 3 
4,220- 4,220- 
59 2 z | 10, 5] 0} 1) 8} 2} 10 | of { PRR { *zoeot| 0 | 39.8 | 0.10 
60 2) 2), OM. 2 0} 0 0 0 
61 15 i ied z il\0 11 0 y 
62 177 174 2 1,01 0 2} 0 2 0 0 37.7 0.10 
63 FE z 13 0} 0 0 7| 0 yi 0 y y 0 18 0.73 
64 208 208 1 ii} 26 0 Oe 1 0 6,000 6,000 0 45.6 0.10 
65 130 130 1 1; 0 1 1 3,800 0 60 
66 120 1 87| 0 8 79 y 
67 © Fd 4, 0 4 3] 0 3 0 y 7] 0 48 0.34 
68 119 1 23) 0 0} 23 24-40 0.3 
69 87) 22) 5 z 65] x2] 42 23 y 
70 2 2| 0 0 2| 0 2 0 51 
71 - x 1 0 1 F] % 0 
72 
73 61 “| 4 ee] 80) 4 5 | 25 y 
74 x @ 4 3) 0 1 3] 0 3 0 y y 0 28 0.1 
75 0 0 16) It 0; 16) 0 16 0 3,247 3,247 PM | 35.4 
76 728 5 LOM 3] 2 3 0 4,667 4,615 0 35.7 
V7 7,000e 630¢ 35 Oo} 5 4] 22 17 5 3,250 0 39 
78 3,050 2,700e Vidi Osvd 7| 0 if 0 6,000 6,000 44.4 0.10 
79 60,170 2 0} O 0 2) 0 2 0 2,524 2,524 0 31,4 0.12 
80 15 ee 1 8 6 2 = y 0 26-32 0.5 
81 y y 23 0} 1 1 23) 1 y y 0 0 y 
82 @ az | 120) 0} 36) 24} 60) O 5 | 55 by z 0 18-32 |0.3-0.5 
83 z 11) 2) 0:4-90 7| 0 5 2 « z 0 
84 35,631 9,909 59 1 3 | 61) 2] 61 3,640 2,569 PM} 34 —0.2 
85 2,526 2,180 Oi\eeroleey 5 0} 2 2 4,000 4,000 50 y 
86 0 0 2 1) 0; 0 2} 0 2 0 z x PM} 29 
87 63] 57 0] 59) 4 36 
88 26) 3] 2 24 19 6 0 30-38 0.2 
89 12 6} 1 11; 0 11 0 3,290 3,290 0 40.1 0.13 
90 54 1 a) a) 1 0 32 
91 10,332 9,140 82} 53} 1 82 82 4,070 2,962 PM} 42 —0.1 
92 0 0 74, 3) 2 74) y y y y y AY y 
93 0 0 17) O| 4 13} 0 y | 18 2 y y 
94 1,700e 2e 16 3] 2 Sied 6 2 2,460 0 
95 Zz x 12 8} 0 
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PETROLEUM DEVELOPMENTS IN SOUTHERN LOUISIANA 


Producing Formation 


Deepest Zone Tested 
to End of 1939 


Depth, Avg. Ft. 
be wD a 
2 Name % j 3 g 3 4 Name = 
| g el ee ae 25 £ “Si 
Z, 3 z Ko 33 nue = Ag 
2 % A g 1 teehee) Sean sf CI 
3 < 5 2 a -) Z A Qa 
10,863 
46| Miocene Mio Sand Por jis 40 D_ | Miocene 12,261 
47 ey 
48] Peters Mio Sand 30 0,300 10,320 10 DS | Miocene 11,344 
49] Various (Sands No. 1 { Sie } and 30 (No. 6 Sd : 
“a to No. 7) {lig aaa 850 6,950 50 a Vicksburg (?) | 9,161 
io an 
51] Miocene Mio | Sand Por |{ peat | {eaio 40 | DS | Miocene | 9,458 
62| { Unper Micoene to} “Ong } | Sand 1,883 | 8,230 120 | SD | Vicksburg | 9,132 
58 | Ol Sand 30 | { Soh Sztgt| {728} | D | Otigocene | 9,044 
54| Oligocene Sis — i oye pe a = ve : ae 
55| Miocene io San ‘or x 4 locene 2,128 
56} Miocene Mio Sand Por 3,777 3,836 75 DS | Miocene 11,333 
57 Mio 10,127 10,133 6 DS | Miocene 10,511 
58] Miocene Mio Sand Por 3,100 3,160 20 DS | Miocene 9,286 
59] Miocene Mio Sand Por 9,360 | 10,430 AF | Miocene 11,347 
60] Miocene Mio Sand Por 9,952 9,970 18 DS | Miocene 10,775 
Gi) shecene Mio __| Sand Por |{ gas} | Lear 55 | DS | Miocene 7,344 
62] Miocene Mio Sand 30 8,000 8,020 12 DS | Oligocene 11,678 
63) Cap rock Pli Por 1,100 1,160 35 | DS | Miocene 6,445 
64| Heterostegina Olig Sand 25 10,950 | 11,000 40 DS | Heterostegina }11,314 
65| Miocene Mio Sands Por 8,100 8,900 12-32 DS | Miocene 10,175 
66} Miocene Mio Sand Por 2,929 6,530 120 DS | Miocene 9,723 
67| Miocene Mio Sand Por 8,300 | 11,610 50 D | Miocene 12,165 
68} Miocene (Mido cca DS | Vicksburg 7,767 
69] Pliocene-Miocene li-Mio ands Por 2,760 6,159 50 DS | Miocene 9,968 
70| Miocene Mio Sand Por | 10,288 | 10,348 60 DS | Miocene 11,170 
a Frio Olig Sand Por 7,038 7,045 10 D | Cockfield 9,450 
2 
3,190 
73| Mio-olig Mio Sand Por 4,950 25 DS | Frio 7,213 
midis Tyh As ek |S) om ta 
iocene io n ‘or z e locene 10,01 
. 7,170 ,190 20 . 
76 Mio Sand 28 10'130 | 10'220 90 DS | Miocene 12,200 
No. 6 : 
77| Nos. 5, 6, 7 Olig Sand 30 fat 8,850 35 DS | Vicksburg 10,750 
78| Heterostegina Olig Sand Por | 9,700 | 9,900 20 | DS | Marginulina |12,088 
79| Miocene Mio Sands 30 5,500 5,572 20 DS | Vicksburg 9,646 
80 Olig-Mio | Sands Pot | {aoe k aes 20 | SD | Oligocene | 8,004 
_ ae rock, epoceoe Lat ; DL Por Se y y DS peau f i 7,207 
arious sands . Mio, ‘ arg.-Vic! 6,000 
Olig Sands 35 { $400} sD burg 
83] Miocene io Sands Por 4,457 4,594 uv | DS | Miocene 8,928 
84] Ortego rote } Sand Por 8,300 8,328 28 DS | Marginulina | 9,447 
85 saa 8,500, 9,000-ft. | Olig Sand 25 7,900 8,600 20 | AF | Oligocene 9,487 
sands 
i 5,340 : 
86| Miocene te ) aaa Por | 5,820 | {e706 15 | DS | Miocene | 8,722 
87 Mio nd 30 6,419 6,456 8 AF | Vicksburg 10,367 
88] Nine sands Mio Sands Por he 5-35 | DS | Oligocene 11,001 
89] Miocene Mio Sands 30 7,070 | 7,311 46.4) SD | Miocene 10,745 
90| Miocene ; Mio Sand Por | 10,131 | 10,241 110 | DS | Miocene 10,622 
91| Haas, Tate, Wilcox Koc Sand Por 9,020 9,080 60 DS | Wilcox 10,909 
92] Miocene Mio Sand Por y DS | Vicksburg 6,553 
93] None Mio Sand 30 1,350 7 | SD | Oligocene 7,410 
94| Wibbert No. 4, No. 8, | Mio Sand Por 50 | DS | Discorbis 8,777 
No. 9 sands 
95] Various sands Marg 30 pare L. Margin- 


ulina or Frio | 9,802 
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In Iberia Parish the Texas Company’s State No. B-3, a deep flank 
test on the Vermilion Bay dome, established commercial production a 
little below 10,000 ft.—the first oil found on this dome. The California 
Company’s Adams-Rutley No. 1 well, Jefferson Parish, discovered what 
apparently is a prolific Miocene sand at 8200 ft., opening the Barataria 
field. This discovery was made in November and it is too early to tell 
the real importance of this find. A new field was opened in Lafourche 
Parish, called Lafourche Crossing, by Mikton Oil Company’s Martinez 
No. 2 well. This established Miocene production at a little below 10,000 
ft. and gives promise of a good field. In Plaquemines Parish the Humble 
Oil and Refining Co. opened production on the old Potash dome. Its 
Orleans Levee Board No. 37 found commercial Miocene oil at 8000 ft. 
In St. Bernard Parish, within sight of New Orleans, the Vendome Oil Co. 
found saturated Miocene sand at 10,600 ft. in its Kennilworth No. 1 well. 
At the close of the year the company was in the process of completing the 
discovery for commercial production. The Shell Oil Co. is credited 
- with an oil-field discovery in St. James Parish known as La Pice area. 
Its Schexneyder No. 1 established the presence of commercial production 
in the Oligocene at about 11,000 ft. Another oil-field discovery near 
the city of New Orleans is the Pan American’s Mill No. 1, in the La Place 
area, St. John the Baptist Parish. The discovery well is producing gas 
and a high-gravity oil from the Oligocene at about 8100 ft. There were 
two new discoveries of oil in St. Martins Parish; namely, the Shell’s 
Iberville Land Company No. 1, called Happytown area, and The Texas 
Company’s St. Martin Land Company No. 1, called the Henderson area. 
In both it is believed that the producing formation is Oligocene and both 
give promise of being worth while. Among the more important of the 
old domes or oil fields that have yielded new producing horizons during 
the year are Jennings, Ville Platte, Golden Meadows, Charenton and 
Venice. The full details of these newer finds are not yet available. 
Southern Louisiana has added, during the year, a very considerable new 
oil reserve. 
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Oil and Gas Development in Michigan during 1939 


By THEeron Wasson,* Memper A.I.M.E. 


(New York Meeting, February 1940) 


MicuiGan has had another record year. Its production has been 
maintained by the development of fields discovered in 1938. Two minor 
fields were listed as discoveries in 1939. These are in the southwestern 
part of the state, where the greatest drilling activity took place. During 
the year 1465 tests were completed, of which 828 were oil wells, 56 gas 
wells and 581 dry holes. The four southwestern counties—Allegan, 
Ottawa, Kent and Van Buren—had 1077 tests drilled, while nine other 
southwestern counties had 70 tests, making a total of 1147 for this part 
of the state, 78 per cent of all drilled during the year. 

Michigan’s production of 23,400,000 bbl. during 1939, equal to an 
average daily production of 64,110 bbl., exceeded 1938 by 4,655,000 bbl., 
thus establishing another annual record, which brought the cumulative 
amount for the state to a little over 125,000,000 barrels. 

A map showing location of Michigan oil and gas fields was published 
in the TRANSACTIONS in 1939 (Vol. 132, p. 353). 

Active Oil Fields——The Walker field, near Grand Rapids, Kent 
County, had a rapid development during the year. Traverse limestone 
production was discovered here in September 1938, and development has 
been rapid during 1939. At the end of the year 5500 acres have been 
proved by drilling. The Traverse limestone is found in Walker field 
at a depth of about 1810 ft. The Temple field, Clare County, was the 
most active in Central Michigan. Its production is from the Monroe 
dolomite at a depth of 3890 ft. In this field 2500 acres have been proved 
by 125 producing wells. Michigan’s largest producer for 1939 was 
drilled in the Temple field, with a rated potential of 8760 bbl. per day. 
The Wise field, Wise township, Isabella County, discovered in 1938, had 
a steady and orderly development because the operators agreed on a 
staggered 20-acre spacing program. So far 760 acres have been proved 
for production from the Dundee limestone, found at 3650 feet. 

Active Gas Fields—The most active areas in which drilling was done 
during the past year for gas were the Freeman and Lincoln fields in Clare 
County, the Clayton field of Arenac County, and the Home field of 
Aer at meeting; manuscript received at the office of the Institute March 8, 
1940. 

* Chief Geologist, The Pure Oil Co., Chicago, Illinois. 
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TABLE 1.—Oil and Gas Production in Michigan 


. . Total Gas Pro- é 
Area Proved, | Total Oil Production : : Number of Oil and/or 
* | duction, Mil- 
Acres Bbl. Tons Ci BR, Gas Wells 
i During 
Field, County B 1939 End of 1939 
> 
B 3 4 aso | To End of | During £3 me 
2 Se pe Gea oS 080 1939 BSSlelBlEE] wo |e 
g ie a Bertie Sela. be 
oe . aS | Po laclalsisel 8. (8. 
g 3 a | BS | Be] els lee] SS 88 
& 3 es | 23 |84/8 |2 [Ea] ES [ES 
1 Saginaw, Saginaw........ 1925] 1,800 0) 1,326,857 23,675 0 0} 282) 0] O| oO 55 | 0 
2| Gratiot, Gratiot.......... 1927 0} 400 0 0 4 0 3] 0) 0] 0 0} 0 
3} Muskegon, Muskegon..... 1927| 2,700 0| 6,617,150 47,950] 6,777 92) 411) 0] 10) 0 65 | 16 
4] Mt. Pleasant, Jsabella- 
ALOT er ar ae 2 1928) 8,000 0| 20,733,018 478,968] 3,158 387| 441) 1] 24) 0 197y| 0 
5, Leaton, Isabella.......... 1929] 2,100} 480) 2,611,586 161,716} 173 9} 90) O| 2) oO 48 | 3 
6| Clare (Gas), Clare........ 1929 0 400 0 0 642 56 9} O| O| O 0 8 
7| Vernon, Isabella.......... 1930} 1,100] 880) 3,980,904 190,967} 1,270 45} 91) O| 4) 0 39] 6 
* §| Broomfield (Gas), Isabella |1930 0} 4,100 0 0} 5,938 506 54) 0} 6] O 0 | 35 
9| Porter-Yost, Midland..... 1931] 8,340 0} 34,906,694) 1,928,104] 3,852} 398] 518! 1) 389) 0 | 349] 0 
10} Hart, Oceana...........% 1932 160 0 116,275 0 0 0 17|/ 0} O| O 0; 0 
11| Ogemaw, Ogemaw........ 1933] 5,000 0| 3,657,601 597,834 0 0} 251) 9) 12) Oo} 285) O 
12| Edmore, Montcalm....... 1933 160 0 385,865 22,620 0 0 13] 0] 1) 0 7) 0 
13! Birch Run, Saginaw,..... 1934) 300 0 170,715 14,515 0 0} 28) O; O} O 25} 0 
14| Six Lakes (Gas), Mecosta- 
Montean i, 6 dace cas 1934 0} 10,120 0 0} 16,572] 4,868) 242) 0} 9] oO 0 |203 
15| Beaverton, Gladwin....... 1935} 580 0 612,783 57,662 0 0} 28) O} 3] oO 20} 0 
16) Austin (Gas), Mecosta. .. .|1935 0} 2,200 0 0} 6,010 800 29) 2) O| 0 0|17 
17| Crystal, Montcalm........ 1935} 2,180 200} 6,992,977 123,712 377 46) 240) 0} 18) 0 27) 6 
18| New Haven, Gratiot...... 1935 0} 2,400 0 0} 1,896] 643) 51) 3] O} O 0 | 48 
19| South Buckeye, Gladwin. .|1936) ‘2,500 0| 3,381,318 405,293 0 0} 187; 25 140} 0 
20| North Buckeye, Gladwin. .|1936} 2,900 0} 12,944,586} 2,096,475 0 O| 262} 1/17) Oo 231 0 
21| Ravenna, Muskegon...... 1936 0} 4,320 0 0) 1,070; 297) 29) 2) 1) 0 0 | 28 
22| Sherman, Isabella........ 1936] 1,270 0} 3,149,954 432,771; 647| 229) 87) 4] 10) oO 56] 0 
23| Clayton, Arenac.......... 1936] 1,300 560} 2,797,473 638,463 292 284 81} 20] 3) 0 51 | 23 
24|.Salem, Allegan........... 1937] 1,750 0} 2,089,065 751,348 0 0} 163} 61} 10} 0 | 146] 0 
25) Adams; Arénac........... 1937} 400 0 120,375 53,617 0 0} 15) 3) 2) Oo iby) a) 
26| Bentley, Gladwin......... 1937) 1,000 0 412,602 187,260 0 0} 837]; 2) 16 36 | 0 
97| Edenville; Midland....... 1938 400 0 919,441 315,523 0 0 35} 0} O| 0 31 0 
98| Clare City, Clare......... 1938 0; 640 0 0} 468) 362 GIMEL XO} 60 0 |) «6 
Monterey, Allegan........ 1938] 300 0 278,500 57,476 0 0} 25) O} 4) O 19 | 0 
a Dorr, Bilegis. ee eae 938 350 0 210,323 83,001 0 0 24; 1) O| 0 21 0 
Twp. , Mont- 
a aes ee lil 1938 0} 2,560 0 0} 586] 534) 15) 9] 0} O 0 | 15 
32| Winfield (Gas), Montcalm. |1938 0} 2,080 0 0 433 352 11] 4) 0} O 0 7 
Temple, Clare............ 1938] 2,700 5,773,507} 4,899,825 0 0} 184) 95} 8} 0} 125] 0 
* Bisecni (Gas), Clare..... 1938 ~ 0} 2,560 0 0 74 74, 13) 11) 0} Oo 0 | 18 
35} Lincoln (Gas), Clare......|1938 0} 1,920 0 0 66 66 8} 7| 0} 0 0; 8 
Diamond Springs, Allegan.|1938) 560 0 575,720 130,246 0 O} 55) 2) 22) oO 32] 0 
oe Wise, WeEME hos 1938} 880 0| 277,587} 268,641 24 24) 19) 17) 0] O 19} 0 
38] Overisel, Allegan......... 1938} 900 0 446,327 303,361 0 0} 38] 18] 10} oO 23 | 0 
39| Bloomingdale, Van Buren: |1938| 1,130 0} 3,854,984) 3,340,876 0 0} 158) 86] 41; 0| 117] 0 
40| Walker, Kent............ 1938} 6,560 0} 2,806,780} 2,805,785 0 0} 286/285} 0] 0} 286) 0 
41| Columbia, Van Buren... .|1938] 1,000 0} 1,196,112} 1,194,155 0 0} 91) 85) 4) 0 83 | 0 
42) Lake Mill, Van Buren... .|1938) 450 0} 230,262 222,016 0 0} 24] 20) 7] 0 LAO 
43| New Salem, Allegan... .. .|1938] ' 1,080 0} 1,313,715} 1,313,017 0 0} 87] 86; 1) O 86} 0 
44| Bangor, Van Buren....... 1939} 160 0 1673 77,673 0 0} 10} 10} 0} O 10] 0 
45| Wyoming Park, Kent... .. 1939} ‘450 0 11,317 11,317 0 0} 10) 7| 3) 0 4| 0 
46| Miscellaneous (scattered) . 463,453 166,113 38 38) 66 4 R 5} 0 fe an ie 
irae Totalecescicietse cre ce. 60,460] 35,820/125,443,499| 23,401,975] 50,367 10,110, 4,774 884/302) 0 | 2, 


6 Footnotes to column heads and explanation of symbols are given on page 239. 


334 OIL AND GAS DEVELOPMENT IN MICHIGAN DURING 1939 


TaBLE 1.—(Continued) 


a 


tor so Pega, ane, 
1 = , ; i 3 
ods, End of Liv per Sa. Character of Oil Producing Formation Lappe 
1939 In. 
% 
Number 3 Depth, 
of Wells | Gravi Avg. Ft. 
ravity - 
i pe oe Pleat = hea 
a3 © |8|] at 60°F., Name | Aget!] : eines || or Name 
| m4 = |'5| Weighted | 2 Sils| 8 |stls2| 2 SK 
SSH Re —. |3'3|%] Average [55 o ee = A ome et Ag 
4) Fle. | 2 | Solk a. £13| 28 |seiegi 3 B3 
o ‘SBS = 0 ot 2 | 3 & 
2/2 |35| 2 |28\2 am | [8 jel es (a8) 28) & ae 
1} 0] 55 y) y\ 0 44.3 |0.24 sate = . P| 1,820/1,850|16 Rese — 3,970 
2 0 y y| 0 0 y ‘arma en i 500} 510)10 undee |3,100 
3} 0 65 7] y| 9 37.4 |0.56| Traverse, vy} L | P| 2,050)2,075/10 A | St. Peter |4,754 
Dundee 
4 
0| 197 y yl u 41.5 10.13 ante Dev| L | P| 3,536/3,568)14.6 A | Sylvania |4,821 
ray- 
Marshall | Mis | S 1,239/1,243| 4.0 
5| 0| 48| 550 yl y| 43.0 |0.16|Dundee | Dev| L | P {3'eaa 3,681 73} A | Monroe /4,390 
6| 0 0 605) 135) 0 0 y een Mis | S | P| 1,408)1,413} 5 A | Monroe |4,055 
ars 
7| 0 39 | 575 z| y 44.1 |0.30) Monroe Dev | D/| P| 3,741/3,744) 3 A | Monroe |3,907 
s| 0 0 | 580) 180] 0 my Stray- Mis | § | P| 1,300/1'350| 5 ‘A | Monroe [3.788 
ars 
9| 11] 348 y yl y 41.3 |0.26) Dundee Dev} L | P| 3,422/3,434)12 A | Monroe {4,040 
10| 0 0 x 0} 0 34.0 ly Nk Dev|} L | P oe — ; A | Dundee {2,407 
Traverse ’ 810 
nu! o| 235| 4| yl ol 33.4 |0.35|Dundee |Dev| © | P {2'e09 2/707 20} A | Monroe 3,637 
12| 0 7 | 900 y| 0 43.2 |0.11| Traverse | Dev| L | P| 3,108/3,112) 4 A | Monroe /3,700 
13] 0 25 y y| 0 42.4 |0.25] Berea Mis | S | P| 1,529/1,546/13 A | Dundee |2,760 
14, 0 0 516} 359] 0 0 y arpeec Mis | S | P| 1,275/1,300|16 A | Monroe |3,529 
ars 
15| 0 20 y| 0 41.3 |0.16) Dundee Dev| L | P| 3,880/3,895)12 A | Dundee {4,025 
16} 0 0 512} 306) 0 0 y Stray- Mis | S | P| 1,390/1,410}10 A | Monroe /4,042 
P ame 
Tay- 
M Mis | § 1,016}1,021) 4 
17] 0 | 27 |G448|G404] 0o| 41.3 |0.37| Monroe | Dev | L | P {3001 3,202 i} A | Monroe |3,520 
18! 0 0| 448] 382] 0 0 y Stray-Mar| Mis | S | P 950} 915] 5 A | Dundee [3,657 
19) 0 140 y yl y 39.0 (0.25 dee Dev} L | P| 3,574/3,597|11 A | Monroe [4,330 
20); 0 23 y yl y 39.0 |0.25| Dundee Dev| L | P| 3,621/3,647)11 A | Monroe |4,696 
21| 0 0| 720 y| 0 0 7] Berea Mis |S-D} Pj 1,212/1,233/10 y | Dundee (2,306 
Dba | 55 y y| 0 47.8 ly one ey + Pr err 4 3 A | Monroe /4,031 
erea is * 1189 
23| 0| 51 620| 520/0|/ 34.3 |y |Dundee | Dev| D | P {2534 2576 12} A | Dundee |2,707 
24] y | 146 y y| 0 T hy y LN Dev| L | P| 1,587/1,601| 8 A | Dundee /1,950 
pi 
25} 0) 13) wy yo {b. aa 3} v | Dundee |Dev| L | P 13's00 2968 16} A | Dundee 2,964 
26| 0 36 y y| 0 41.4 ly Dundee Dev} L | P| 3,500/3,536/25 A | Dundee [3,685 
27| 0 31 i] y| 0 41.3 |y Dundee Dev | L | P| 3,788/3,796] 8 A | Dundee /4,015 
28] 0 0 605} 480) 0 0 y area 1 Mis | S | P| 1,283/1,293] 6.5 A | Monroe {3,865 
arshal 
29| 0 19 y y| 0 y My] Traverse | Dev} L | P| 1,638/1,647| 3 A | Traverse |1,808 
30| 0 21 y| 0 41.1 |0.44) Traverse | Dev} L | P| 1,596/1,607| 4 A | Monroe /2,065 
31) 0 0 | 515) 470) 0 0 y Aint 1 Mis | S | P| 1,390/1,400) 7.5 A | Monroe |3,665 
arshal 
32| 0 0 | 446) 431) 0 0 7] +a 1 Mis | 8 | P| 1,124/1,141] 8 A | Monroe |3,374 
arshal 
33] 43 82 y y| 0 43.8 0.37] Monroe Dev | D | P| 3,895|8,898] 4.5 A |M 
34| 0 0 | 607} 603) 0 0 y sean . Mis | S | P| 1,486)1,512/12 A Manyos 3086 
arshal 
35] 0 0 | 607) 603} 0 0 7] ved . Mis | S | P| 1,526/1,538]10 A | Monroe |4,285 
arshal 
36] 0 32 y y| 0 y Traverse |Dev| L | P| 1,466/1,472| 3.5 A | Traverse |1,571 
37| 0 19y y y| 0 43.0 ly Dundee Dev} L | P| 3,702/3,716}10.5 A | Dundee ana 
38] 0 28 y y| 0 41.7 ly Traverse | Dev| L | P| 1,471/1,481| 3 A | Traverse |1,690 
39) 0 117 y y| 0 41.2 |0.79| Traverse | Dev} L | P| 1,216/1,219} 2.5 A | Monroe |1,904 
40|186y| 100y y u| 0 41.0 ly Traverse | Dev} L | P| _ 1,827/1,848) 6 A | Monroe |2,400 
41} 0 83 y y| 0 7] y Traverse | Dev} L | P| 1,190/1,193} 2.5 A | Monroe |1,904 
42) 0 17} 515 y| 0 y y Traverse | Dev | L | P| 1,277/1,279] 1.5 A | Monroe {1,820 
43} 0 86 y y| 0 41.0 ly Traverse |Dev| L | P| 1,6.*|1,631| 6 A | Monroe |1,968 
44) 0 10 y y| 0 7] y Traverse |Dev| L | P| 1,002/1,006] 2 A | Traverse |1,050 
“ : * y y| 0 y y Traverse |Dev| L | P| 1,191/1,218] 6 A | Dundee /2,255 
47/231 | 2,437 
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Montcalm County. All new developments are from the Michigan stray 
sand except the Clayton field, which is from the Berea sandstone. Gas 
from the Berea at 1100 ft. in the Walker field near Grand Rapids should 
be reported as one of the new gas discoveries of the year. 

Wildcat Drilling —Wildcat tests were drilled in 41 counties of the 
state during the year. Allegan, Barry, Van Buren, Cass and others in the 
southwestern area accounted for most of the 408 tests that were classed 
as wildcats. A test of special interest was drilled in sec. 2, Monitor 
township, Bay County, to a depth of 4454 ft. It had shows of oil in 
the Traverse, Dundee, and Monroe and found high-grade oil in the 
Sylvania sandstone of Lower Devonian age at 3960 ft. It failed to 
produce when deepened, so it was plugged back to the Monroe at 3520 ft., 
to make a small well. 

Exploration.—Reflection-seismograph and gravity surveys were made 
in the central basin and the southwestern area, and shallow drilling for 


- structural markers below the glacial drift continued throughout the year. 


TABLE 2.—Summary of Drilling Operations in Michigan 


Important Wildcats Drilled in 1939 


Location Initial 
Total | Deepest Brodiics 
County = fete ape Drilled by tion per Remarks 
Sur- t. este 
on Lat. |Long. Day, Bol. 
1. Barry 27} 2N| 9W) 1,941 | Traverse | N. A. Trexler 15 High well, demonstrating structural 
; possibilities which will be tested 
during 1940 
2. Bay.....- 2|14N| 4E| 4,454 | Sylvania | Gulf Refining Co. 34 Showed oil in Dundee and Lower 
Monroe in commercial quantities 
and reported very strong showing 
high gravity oil in Sylvania 
3. Berrien 10 | 4S|18W| 2,711 | St. Peter | Sprenger Brothers 0 First St. Peter test in area 
Ae Clare. : 28 | 20 N} 6 W| 3,912 | Monroe | Daily Crude Oil Co. 0 High well, demonstrating impor- 
tant structural possibility 

5. Gladwin..| 10 | 18 N| 2W)] 3,953 | Dundee | Sun Oil Company 0 High well, indicating new structural 

eo ores oe ae 
i N| 1W| 4,696} Monroe | J. V. Wicklund Dev. 0 irst deep test on N. Buckeye 
eee |* Co. structure drilled 1162’ below top of 
Dundee but did not reach Sylvania 
7. Kent..... 14 | 6 N| 12 W) 2,255 | Monroe | Freeland & Rogers 17 Discovery well Wyoming Park field 
8. Monroe 30 | 6S] 6E| 2,126] Trenton | A. V. Oil & Gas Co. yee: Stimulated Trenton prospecting in 

cu. ft.gas} area ' 

9. Monroe...| 19 | 6S} 6E]| 2,162} Trenton | A. V. Oil & Gas Co. 140 | First commercial Trenton produc- 

tion in state Ay : 
10. Oceana...| 15 | 16 N} 16 W| 1,930 | Traverse | Teater Oil Co. 0 | Revival of interest in interesting 
area northeast of the abandoned 

Hart pool ‘ae 
11. Osceola...| 8 | 17 N}| 10 W| 3,568 | Monroe | Weber Oil Co. Show | High eau demonstrating structural 
possibilities 
12. Van Buren| 29 | 28|16W/} 1,008 | Traverse | Blood & Hendershott 400 | Discovery well Bangor field 


In Proven Fields | Wildcats 
Number of wells drilling December 31, 1939.............. 0.5220 :se ress seuss 67 24 
Number of oil wells completed during 1939............... 02-0052 seeeeseeees 817 11 
Number of gas wells completed during 1939..................00:c ese eeneeee i A 


Number of dry holes completed during 1939 
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Conservation and Proration.—A conservation law for Michigan was 
passed early in the year, establishing State control of its oil and gas fields. 
A Director of Conservation, appointed by the Governor, set up an 
Advisory Board of six members chosen from the companies operating in 
the state. The first order of the Board became effective June 1 and 
established a 10-acre minimum drilling pattern and daily allowables for 
the new fields. Two other orders were issued during the year, which 
changed the allowables in some fields. 

Drilling.—Fields in Michigan are still being drilled with cable tools. 
Experiments started last year with the rotary method in the Temple field 
have been discontinued. 

Prices.—Prices of oil rose slightly during the year with moderate 
fluctuations from the low of December 1938. 
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Oil and Gas Development in Mississippi during 1939 


By H. M. Morsz* 
(New York Meeting, February 1940) 


Tinsley Oil Freld.—Mississippi joined the oil-producing states when 
on Sept. 13, 1939, the Union Producing Company’s G. C. Woodruff well 
No. 1, sec. 18, T. 10 N., R. 3 W., Yazoo County, was completed after 
drilling plug at 4540 ft. in the Woodruff sand of the Eutaw formation of 
Cretaceous, producing 300 bbl. per day of 34.4° gravity oil through a 
\4-in. choke, with a gas-oil ratio of 80 to 1 and bottom-hole pressure of 
2045 lb. This was the discovery well in the Tinsley oil field. The well 
was drilled to a total depth of 4567 ft. and no salt water was encountered. 
The sand underlies the Selma chalk formation. 

Nine producing oil wells and one dry hole were drilled and completed 
by the end of 1939. Two producing sands have been found in the Eutaw 
and a third sand in the top of the Tuscaloosa formation, called the 
Woodbine sand in Louisiana and Texas. Faulting is an important factor 
in the Tinsley field. 

Total oil production has been approximately 250,000 bbl. from the 
nine flowing wells. Total depth to top of productive zone was 4540 ft.; 
to bottoms of productive wells, 4580 ft. Net thickness of the producing 
formation is 20 to 40 ft., and its porosity is 24 per cent. The deepest 
zone tested was the Tuscaloosa, in which the depth of hole was 6112 feet. 

Six hundred and forty acres has been proved for oil production. 

Jackson Gas Field.—The Jackson gas field has shown a steady decline 
in the number of wells but the pressure has been maintained. This field is 
a perfect example of a water-driven field and the time of wells going to 
salt water is predictable. Five wells were drilled in the Jackson field, 
of which only one produced. 

Amory Gas Field.—Interest was renewed in the Amory gas field, 
where a new well was started in the fall of 1939. 

Geological Formations.—The deepest well drilled in 1939 was the 
Willmut Gas and Oil Company’s Cleve Love S. F. Johnson No. 1, sec. 29, 
T. 6 N., R. 1 W., Hinds County. This well encountered the Lower 
Cretaceous, Trinity series from 3770 to 6422 ft.; Lower Mesozoic from 
6422 to 6484 ft. The geological correlations and nomenclature of 
the formations in Mississippi are shown in the accompanying strati- 
graphic section. 

Manuscript received at the office of the Institute Feb. 12, 1940. 


* State Oil and Gas Supervisor, Jackson, Mississippi. 
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Sys- 
tem 


General Stratigraphic Section 


Series 


Group 


Formation Member 


Cenozoic 


Mesozoic 


Paleozoic 


Quaternary 


| 
| 


Tertiary 


Recent 


Pleistocene 


Pliocene 


Miocene 


Oliogocene 


Alluvium 

Alluvial terrace deposit 

Port Hudson F.M. and Loess terrace 
deposit 


Citronelle 


Grand Gulf 


Vicksburg 


Pascagoula clay 
Hattiesburg clay 
Catahoula sand 
Chickasawhay 
Bucatunnia 


Byram marl 

Glendon lime 

Marianna mint spring marl 
Forest Hills sand 

Red Bluff clay 


Eocene 


Jackson 


Claiborne 


Wilcox 


Yazoo clay 
Moodys marl 


Yegua 
Wautubbee marl 
Lisbon, Kosciusko sand 
] Winona sand 
Tallahatta 


Hatchetigbee 


Bashi 
Holly Springs 
Ackerman 


Midway 


Nahoela 
Porters Creek 
Clayton 


Upper Cretaceous 


Pennsylvanian 
Mississippian 
Silurian 
Ordovician 


Gulf 


Owl Creek and Prairie Bluff 
Ripley—MeNary sand 
Selma—Coffee sand 
Eutaw—Tombigbee 
Tuscaloosa 


Pottsville 


a a 
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The deepest well drilled stratigraphically was in Lafayette County, 
the Adams Oil and Gas Company’s Llewellen No. Pesec..0,<le10-S% 
R. 1 W., total depth 4184 ft. The Pennsylvanian was encountered from 
1845 to 2409 ft.; Upper Mississippian (Chester) from 2409 to 2610 ite 
Lower Mississippian from 2610 to 3689 ft.; Silurian from 3609 to 3774 Ties 
and the Ordovician from 3774 to 4184 feet. 

Exploration.—Various types of geophysical crews were active toward 
the close of 1939 in Mississippi. At one time 53 separate crews were 
operating in the state, especially in the western part. Reflection seismo- 
graphs encountered some trouble in the Loess formation but this is 
believed to have been overcome by deeper drilling beneath gravel beds. 

Spacing.—The State Oil and Gas Board promulgated a 40-acre 
spacing rule in the Tinsley oil field as an aid to the operators and land 
owners. Originally 1600 ft. of surface casing was required but this has 
been reduced to 600 ft. as a minimum, since the gas pressure was found 
not to be excessive. 

Prospect for 1940.—A considerable increase in drilling is expected in 
1940 over 1939, since the Tinsley oil field is in the early stages of its 
development and a number of blocks have been taken calling for wells 
to be drilled within the year. 


TaBLE 1.—Summary of Drilling Operations in Mississippi 


Important Wildcats Drilled in 1939 


Initial Pro- 
toewos duction per | Choke 
Day Se 
Total Deepest ean, 
County Depth, Surface Horizon Drilled by G Frac- | Remarks 
Fy, | Formation! “Tested oil, | Mi. | tions 
Sec. | Twp.-| Rge . A MDA) AS 
U.S. | lions 
Bbl. | Cu, | Inch 
Ft. 
1 | Hinds. 29 | 6N]| 1W /|6,484 | Jackson ae, oe Cleve Love et 0 0 0 | Dry hole 
zoie (? al, 
2 | Lafayette. 9} 10S | 1W | 4,184 | Wilcox Silurian seen Oil & 0 0 0 | Dry hole 
as Co. 
3 | Madison..} 12 | 8N]} 1W |6,265 | Vicksburg | Woodbine Union Pro- 0 0 0 |Oil show 
Tuscaloosa ducing Co. He dry 
ole 
Y: ..--| 13 | 10N] 3 W |4,560 | Jackson | Blossom(?) Union Pro-| 300in} 80-1 14 | Discovery. 
A bongs Woodruff ducing Co. 24 oil well in 
sand Eutaw hr. Mississippi 


Number of wells drilling Dec. 31, 1939 
Number of oil wells completed during 1939 
Number of gas wells completed during 1939 
Number of dry holes completed during 1939 


In Proven Fields | Wildcats 
Fa Oe TOD SEDO CRC eT ACU eae 9 oil 1 gas 10 
CeecisisWetee oth ois ereistayarria\ecare eral #atsta 6 9 
WAC a a bods mansatesit estos me sitne & 1 
RESO SE Te yore niate hance see 4 gas 1 oil 8 


Development of Oil and Gas in Missouri in 1939 


By Frank C. GREENE* 
(New York Meeting, February 1940) 


DriLutine in Missouri in 1939 was marked by wildcatting in the 
northern half of the state. The total completions numbered 82, exactly 
half the 164 of 1938. There were 15 gas wells with an initial open flow of 
6,383,150 cu. ft., 4 oil wells with about 40 bbl. initial production, and 
63 dry holes. 


TaBLE 1.—Wells Drilled for Oil and Gas in Missouri in 1939 


Drilled below Top 
of Mississippian 


County Gas Wells Gas, Cu. Ft. | Oil Wells | Oil, Bbl. 


\o) 
“t 


BStes orn 5 5 omen = 1 50,000 
Gass. race irre tat 3 2 480,000 4 40¢ 
Carroll aeas 
Chariton’... ..... 
IS yrere eer ogee eee 2 300,000 
Clintons. gave. 1 1,904,150 


re ww 


KH eee One 


Jacksonian ate 6 443,000 2 
JONDRON ees ee 
Livingston....... 
atta vie AN 3 | 3,206,000 
I eg baro¥chan cava Aarac 


od ee Ww) 


Sullivan,........ 
StiwCharies: oo .. 


ae 
fe) 
5 
4 
a 
BP ENN OH WNP RP EHP HP UE RW eww 


Lotalsn sa... «- 15 6,383,150 4 40¢ 


for) 
w 


25 


@ Production estimated. 


The wildcatting followed the widely publicized leasing activity in the 
Forrest City Basin in northwestern Missouri, northeastern Kansas, 
southeastern Nebraska and southwestern Iowa. It is worth noting that 


Published by permission of H. A. Buehler, State Geologist. Summarized at 
meeting; manuscript received at the office of the Institute March 14, 1940. 
* Geologist, Missouri Geological Survey, Rolla, Missouri. 
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the first discovery of oil was near the center of the leased area near Falls 
City, Nebraska. 

The results of wildcatting in Missouri were a new gas pool in Platte 
County, in a Pennsylvanian sand, and showings of oil at a number of 
horizons below the Pennsylvanian. Of the completions, 25 were drilled 
into Mississippian and older beds, and 19 of these were drilled into beds 
that are the equivalent of the Arbuckle limestone of Ordovician age of 
Kansas and Oklahoma. The 25 wells represented 39,178 ft. of hole, an 
average of 1567 ft. per well. 

At the close of the year, wells were drilling or shut down in Buchanan, 
DeKalb, Holt, Platte (2), Mercer, Adair (2), Knox, and Schuyler (2). 

In the southeastern part of the state operations had been started 
during the year in Bollinger, Butler, and Wayne Counties. No com- 
pletions, however, were reported. 


Oil and Gas Development in New Mexico in 1939 


By A. ANDREAS* 
(New York Meeting, February 1940) 


New Mexico, after several years as the sixth ranking oil-producing 
state, was surpassed by Illinois and for 1939 ranks seventh in the United 
States. Oil production for 1939 was 36,746,840 bbl. Production for 
1938 was 35,510,176 bbl., a gain of 0.033 per cent. Production for the 
year would have been greater had there been a pipe-line outlet for the 
Vacuum field. The complete shutdown during the latter part of August 
covering a period of 15 days meant a production loss of over 1,500,000 bbl. 
of oil. 

Daily production allowable as set by the Oil Conservation Commission 
has followed very closely the recommendations of the Bureau of Mines. 
It has been found that the recommended allowables as quoted by the 
Bureau of Mines do not always reflect the actual demand, as there 
is a considerable lag between the recommended amounts and the cur- 
rent demands. 

During the year the various operating companies have done con- 
siderable remedial work in setting packers to reduce the gas-oil ratios in 
the various fields. 

Six new fields were discovered in New Mexico during 1939; three in Lea 
County, two in Eddy County and one in Chaves County. 

In the early part of 1939 a committee composed of the various engi- 
neers and geologists recommended subdividing the old Artesia area into 
various producing pools. This division was accepted, therefore the total 
number of producing fields in New Mexico is considerably greater than 
the number of fields in 1938, but does not represent new fields discovered 
during the year. 

The southeastern area continues to be the largest producer of oil. 


During the year 2,716,551 bbl. were produced in Eddy County and— 


33,690,996 bbl. in Lea County. ‘Total production in the northwestern 
part of the state, which includes San Juan and McKinley Counties, was 
338,293 bbl. At the beginning of the year the daily average nonmarginal 
well allowable for Lea County was 48 bbl. At the close of the year it was 
49 bbl. The daily average production for the year was 97,313 bbl. 
During the year, 659 wells were drilled in the state, of which 565 were pro- 
ducing oil wells, 15 gas wells, 6 carbon dioxide gas wells and 73 dry holes. 

Summarized at meeting; manuscript received at the office of the Institute 
March 18, 1940. 


* State Geologist, member of New Mexico Oil Conservation Commission, Santa 
Fe, New Mexico. 
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TaBLE 1.—Oil and Gas Production in New Mexico in 1939 


pase Free ed, Total Oil Production, Bbl. 
Field, County 
by 
a Oil 3>| To End of < 
E B 1 Gas 1939 During 1939 
Z 68 
Oo un 
=| ga 
NGPA TUONIA TE GUY to Al i btees visess pisces re hove ad ie tletern: oa. Fare 1923 6,280 160 4,320,800 166,627 
PAD ATLCO SOI MAT esi ie rain sie aca heave = acl susie She where re 1924 90 5 37,322 3,593 
3 | Barber, Eddy ies rte toterele eieieie eS nies 4 0's Pie.s 3) Cre ietays Siays i Sve. eierers 1936 340 0 44,511 16,622 
ATCT CICU ERI VER SE CG tars ne ace oe nid Sintec ginvelsin acele-cib ciation sp cveieeys 1937 80 0 2,872 0 
DEIBESLAROOMSGIE AGING ite enc Y en inic a hava ores Cie oeevie te eso tine 1927 0 40 1,329 37 
AR COMIANCHE CRAVER KAR arin, «2. ce cioricare traltiee Ow Mem isleee e's 1936 80 0 1,500y 500y 
MIO OODEL) LOR spine crenicie miteeiole sce stansiere!S- 4169-01596, ai8i9 ere @leyaigtane 1929 4,000 160| 10,909,068 1,379,601 
PML COTES MeCE eta Bee ee oP odalecetsicies aaaiaers Aa coils “a sthuaverepstote aes lovnisis 1938 40 0 1,369 1,369 
CON DENG RW ICI IEE omeieat Se oy Or ao BORO Ce DADE PaconriOre 1929 720 160 1,064,436 295,587 
TO OTT BP ear d6 con a ctt Coe GOOD CEC CCR OE Ce eer re 1928 20,000 160} 40,363,282 7,891,771 
11 | Getty, Eddy Se eee ee cc alee hls ae atecr vee ase pam eee ne 240 0 353,177 11,371 
OMIM TANCE LOIS CBG BERNE atecsrshsc\ce Sielae sciecee Sitnse sisieldla'osiele,\> 80 0 500y 500y 
DS) Graypure-JS0KSON, Mader sc. ocr stteajs ics teres sale (eierclos sie + 5,080 80 6,996,997 1,737,810 
PA Halfway, L0G 2. elsiels cesa.s isco si 010 'ere-sjsicre F 80 0 0 0 
TESTS eis heal ri 0 1,8 25 ASOD ACC Ono Le OnietE ocr ener 4,600 0 2,053,877 1,048,814 
Gi EMipbsOnesOMe yf) Ci aajecieiarsare o «cele wo te vale. n.c, els aterosd areca « 1939 80 40 430 430 
PHTIOIIS OR Pine rh Cee ro bale Ne thais bool sieje's aaisieere acters a aibie 1928 10,080 0] 89,993,293 4,449,808 
TSAR DAOK Shira) WALT erect ctays oye. viass oi 2/altce: stat SiRtass qovepnys 1922 160 0 1,953,636 71,254 
TOM Lospal MOCK snleyiee ee jarienmins 2 eticimlomies. sown 1927 160 0 32,065 19,565 
DUN Ra MES LEU crest arssertiee iste atcrstarevetsic sa nvaie.6)ayo/eis levele, 9 olekeye aj=\eawta'elelelsts 1927 1,360y| 480 5,935,995 206,955 
21} Kutz Canyon, San Juan......-.....sssseee eee e cece cress 1927 0 | 2,200 0 0 
POMPIGATIGHIOS L001: pictopa's) afk siolersistore’s ic eie%= a\s\alaraine Slee oie\eie winnie! eta! ehays 1927 5,160 440 3,778,576 1,763,206 
POR MTEEOIAE CHE GUY ss cistere tite oisisleltceireele > al -ialoreican aicteselpiaiele evaotss chars 1929 920 | 400 728,434 166,439 
DAN UISOOOPELI Ls SECUY Pte tatere la etavoie e, clots eke (o'e ais «alas in (ole lpiateleie/s)izrie 1939 2,800 0 330,870 330,870 
DOU MCH, UCU ale einte sici<isir cinicie loin «ie'e vivleie vi = =isiele as cleislalvinnevisis.s 1929 440 0 5,731,934y 182,010 
DOUG LED sree. ole clo vitre or='ay 1d siniele eheseie,a\n\tie\e(0] e,siare[e elsiscw)eje0a\s 1929 1,200 120 677,484 271,593 
DT Mal iammar: Le. ccs cori [oc oc c wieieiasieleis:+ +e ciaisis\o eleisiele o oale ss 1926 1,240 0 1,382,720 371,514 
BUM INatb LEK leiB atric so cisieteloieseieceroypic ic chais sretele o/s) pialole cine imvtatee'wioisl#ia 1936 5,440 240 3,001,763 1,480,892 
DOWN GG THEI EOYs oore(e wieielelele arele eleioiet=\0\eleie¥a\eislels «efatels »:2\eleln'e 1938 40 0 294: 294 
SDT ONIIAGIG, TCDS cia. wc 6s cle 0 ev oiayee Riete eninieis sie s.niein oeiardin sine 5 1934 19,720 40] 31,942,879 7,739,445 
A MONCH yh LEG. cepts aie cian ctotein iets clelolprve ste joPetbyein\ansisias thes 1929 80 0 1,012,052y 12,052 
32'| North Maljamar, Lea...........0.cccecsscecwerceeecenens 1939 40 0 826 826 
BOM OTEOREs LEG ivicicteren esis wie aiets eiafer ein later spain oisisieralers aia\ahexs 1935 6,720 0 4,169,803 1,619,873 
34| Rattlesnake, San Juan.............-.-5++ ...| 1924 640 0 4,284,067 218,380 
BO VOGSLAKC, HMM. ccciescc sjoje 201010 oie 0s can sieie.s ..| 1924 1,160 680 268,411 86,327 
36 | Red Mountain, McKinley..............2002escceeee eens 1935 20 0 3,900y 200y 
OT AVP RROD OSs) LCG te eietercie ela inese aliessusie.sformct='« slope eis ielnyyis els lnlolena mini a ede 1928 280 360 195,907 35,159 
Oks | eia) neahryib, JO Vien Oe 3 Sigsnls AA EISE -arCReRirn Onan enoepemonE 440 40 245,428 112,138 
QOMBHUSATE, LAY. cvs cede ccc neve cle ncrwcrsieescisieesincces 560 0 95,553 87,623 
AQHA GOS ECC s .costerelareyeie cre eiar2ichale sraiayeie/nrocel'la)s t)ajeieie oiniaiale se 120 0 27,615y 27,615 
ATE SONY LO ioraite rete el erecucusiessraiestin niet evel uiokei bots, mn eJ0 eter =i ni a\s)= 2,360 120 1,560,418 520,979 
BPP Somth BuUmi6O; LEG... i. cc cn ne wise wn 8 se slew cinl « ute selves 4,000 200 3,304,361 1,301,810 
43 | South Lovington, Lea............22.ee cece cere erect eee 1,320 40 178,997 178,997 
44\-South Maljamar, De@.erc oem... scree -- cuscnesie rare cise 40 0 0 0 
45 gable Mesa, San Juan 10% Ay eg eae 
GSI HOM SCTE a) MaMa cecee orale coteseschcjesVecereroiare0/e efene, sts orale =teyorerece 
V. laid feo 10,800 0 3,728,331 2,867,802 
928 200 0 61,392y 43,318 
1,190,065 | 6,805 | 231,277,464y | 36,746,840y 


8 Footnotes to column heads and explanation of symbols are given on page 239. 


344 OIL AND GAS DEVELOPMENT IN NEW MEXICO IN 1939 


TABLE 1.—(Continued) 


: Reservoir 
i . Oil-production 
Potions Ca. Fe aapier OF 48) and ‘or Gina, Sails Methods, End of 1939 | deep gd 
ayy End of 1939 Number of Wells 
S| ToEnd | During | 23 bes ” ae 
=| ofioss | 1930 | e2 | ge |BleEl w |e pt a 8 
5 os os 6/| 5A] +3 3 . Artificial a a oj 
Zz Bo et Nae as = 3 % Flowing Lift 3 Sa | oe 
g fs | & |3|84| 25 | 33 2 | Ss | 88 
a is) o1}a/e a A a bad 
1 y y 159y 0 2 0 159 dy 56 103 y y 0 
2 0 0 30 | o | 1| 0 16| 0 0 16 z| oO} 0 
3 0 0 ¢ he Does 4| 0 0 4 z| «| 0 
4 0 0 2-6 | Ones o| 0 0 2 o| o| o 
5 227 32 1° /-s0' hoe ve o| 1 0 0 | 1,200 | 1,000} 0 
6 0 0 er hae 2| 0 abe o| o| o 
7 
94,154 | 19,684 | 104 | 3 | 0] 107] 94] 2 46 | P20 } 48/1398) 2) PM 
8 0 0 PAO Poa TPG 0 1 z| «| 0 
9 GL 8 
6,372 2 | o0/]o0| 1 20/ 1 uy} Pl 9 z=); | SR 
10 
173,902 503 | 15 | o| 7 | 492]. 4 | 453 | Pies39 |1400| | PM 
u 0 9/ o0lo| 7 2| 0 0 2 o| o| o 
12 0 at 2) Otte h 2] 0 0 P2 o| o| o 
13 y 135 | 22 | 4| o | 125] oO y y o| o| o 
14 eee cs 2] 0 0 P2 z| «! 0 
15| 7,708 115 | 36 | o| 8 | 107] 0 91 P16 {1400 «| 0 
16 0 Per oo ee ae ae 2} 1 Bs here z| zl! 0 
1 
195,126 2660 | Oe eGcl 24g| 0 | 221 | P15 \ 27 |1,550) 2] SR 
18 0 9 feo. 1) OUblG 7| 0 7 0 | 215] 135] 0 
19 0 Olt | 8 leco 6] 0 Otay at o94n0 
20 | 26,884 460/-.0.] Of y 24] 12 gy | Pil } 22 | #| SR 
a} 8,773 1 | 3 | 0] 0 o| 15 0 | ory ° | 385} 4385] 9 
21,933 41 | 35 | 1| y 125] 1 121 P3 } 4/1450) y| RP 
23 y 24 7 1 y 23 10 y y y y 0 
24 y 70 70 3 0 70 0 y y 800y)} 0 
25 0 1 | o | 5] 0 | 0 0} oie [128] 9} 0 
26| 2,347 33 |. 8 | o| 0 26| 2 23 P2 } 3/1365) y| SR 
27 20 Wish: | coder 31} 2 20 i v| yvlo 
28 | 11,029 49 | 6 | 0| o | 136] 0 | 108 28 z| «| 0 
29 3 | o|o!] o 1] 0 0 1 o| o| o 
30 | 94,619 500 | 18 | o| o | 493] 0 | 486 711497! «| 0 
31 2-)-0 | Oe 6 2| 0 0 P2 Ohi) Saxe 
32 1 Thomo l.. 83 PPO 1 0 ry ee a 
33 | 17,944 168 | 30 | 1| 0 | ‘168| 0 | 150 18 os ee IG 
34 m™ 14a") 013 371 0 0 37 | 275| 40] SR 
35 y 20y 9 | ll 0 12 8 6 6 y 7] 0 
36 tle oOo) RA 2| 0 0 2 O40 cree 
37 | 21,148 2 | 8 | 0] 0o 7] 18 7 0 |1307| wl o 
38 18° tired ) eae 9| 0 6 3 OL icoine 
39 0 a0 2 Faull g 4] 0 4 10 oP) ohe6 
40 1by ade ® | -Guesg 3] 0 3 0 Os alee 
41| 3,627 68 | 16 | 0| 0 59| 1 50 9 |1420} yl 0 
42 | 10,550 103 | 32 | 0|/ 0 | 100] 0 87 13 |1485| yl 0 
43 241 34 | 30 | 0| 0 33| 1 30 3 |1.670| yl] o 
44 0 1 is 0. | Seen 1] 0 0 1 o| o| o 
45 FP ima® gtlers 7| 0 0 7 0| o| o 
49/5481 S456.) Gites o| 8 0 |) ons) 2 |. 20] 470] 0 
5 
4,527 | 3,591 | 301 |138 | 4| 0 | 270| 0 | 245 | P20 } 25 | 1,630) | 0 
48 0 0 ie ee ee a Oa | Bit vc 0 P5 11,300! y| o 
142,465y | 3,272y | 583y | 61 | soy | 2,959 | 96y | 2,234y 509y 
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TABLE 1.—(Continued) 
ne le So SE CR i i 


Character of Oil ; ‘ Deepest Zone Tested 
aracter of Oi Producing Formation to End of 1939 
| \ 
Depth, 
Avg. Ft 
nm |o + ° 
q taps ed laa Name Agee ie , aie | 4 Name ie 
> S & 38 & ph WEES ae fee] & 3 
4| Boome | ZO Sal Sew | (fens t= eg a la es 
2| 2s 8 |ae | 8 |Selsezee| 2 € 
| seq [se Al 5 |S8/8&|82| £ Be 
call Oo mR iS) AY Ie! Ore nm A 
1 29.5 0.002} San Andres Per |LS x | 1,823) 2,005 AM | San Andres Per 4,035 
2 55 0.01 | Farmington sand CreU |S a} 750) 1,075) 25 |S Lewis Shale CreU 2,665 
3 20.5 |0.001) Capitan Per |L a | 1,459) 1,466) 7) A Capitan Per 1,953 
4 39 0.001) Delaware sand Per |S x x| 2,545] a | MF | Delaware Per 2,885 
5 Mesa Verde 
54 0.13 | Pictured Cliffs CreU |S x | 4,250) 4,550) 5 | H Mesa Verde CreU 4,550 
6 28.5 |0.001| San Andres Per |S x x| 1,283} 2a | ML | Capitan Per 1,400 
7 29 0.001) White lime Per |D | Cav |8,542/3,608) «2 ]A  |L. San Andres Per [5,095 
5,118 
8 30.5  |0.001) White lime and sand | Per | LS x 2} 4,319) 2 /A San Andres Per PB 
4,319 
9 28.5 10.002) Permian sand Per |S x | 3,175] 3,300) 2 | A San Andres Per 3,542 
10 35.1  |0.002| White lime Per |D | Cav |3,800/ 3,883} x | A San Andres Per 4,404 
11 24 0.001} Capitan Per |L x | 1,365} 1,380) 15 | A | Permian 6,683 
12 29 0.001) San Andres Per |S z | 1,305] 1,362 A San Andres Per 1,018 
13 27 0.001) Permian sand and Per |S z | 3,779) 3,827 A San Andres Per 4,383 
white lime 
14 28.6 {0.001} White lime Per |LS z 2} 2,629} x2 ]A San Andres Per 4,005 
15 32.5 |0.002 eon: sand and Per |SD]|Cav |3,710|3,763) 2 /|A San Andres Per 3,872 
white lime 
16 36.2  |0.003) Sand Per | LS z | 1,803] 1,824) 21 | A San Andres Per 2,265 
17 35.4 0.001) White lime Per D | Cav | 4,050) 4,174)123 | A San Andres Per 4,500 
18 60 0.001) Dakota sand CreU |S z| 705} 714) 9|)D_ | McElmo CreL 1,225 
19 29.7  |0.025) Hospah sand CreU |S x | 1,640] 1,651) 11 | DF | Dakota CreU 3,282 
20 36 0.002} White lime Per |D | Cav /|8,303/ 3,334) 30 | A San Andres Per 4,125 
21 Pictured Cliffs CreU |S z | 1,840/ 1,900] 60 | H_ | Mesa Verde CreU 4,400 
22 28 0.001) Permian sand Per |S a | 3,350] 3,530} xz} A San Andres Per 4,385 
23 28.5 |0.001] Permian sand and Per |S a | 2,859] 2,950} 2 | A San Andres Per 3,507 
White lime 
24 33 0.001] Permian sand Per |S a | 2,415] 2,900) «| A San Andres Per 3,556 
25 30 0.001) White lime Per |D | Cav |3,760)3,777| «| A San Andres Per 4,046 
26 33 0.001) Permian sand and Per |D | Cav /|3,550/3,797) 2] A San Andres Per 5,095 
} White lime 
27 32 0.001} White lime Per |L x | 4,103) 4,145) 2 | A San Andres Per 4,390 
28 32 0.001) Permian sand Per |S z | 3,500) 3,559) «| A San Andres Per 4,200 
29 27 0.001] Carlsbad Per |S x | 1,150) 1,180) «| A San Andres Per 3,305 
30 35 0.001) White lime Per |D |Cav |3,829/3,939] 2] A San Andres Per 4,534 
31 30 0.001! White lime Per |D | Cav |3,760|3,777| 17 | A San Andres Per 4,046 
32 31 0.001) White lime Rersa}D x | 3,875] 4,015] «| A San Andres Per 4,097 
33 34 0.001) Permian sand Per |S a | 8,550] 3,667) 2] A San Andres Per 4,705 
34 60 0.001) Dakota CreU |S xz| 784} 808) 24 | AF | Mississipian 7,370 
35 29 0.001} Carlsbad Per |S z | 1,904] 1,930) 26 | A_ | San Andres Per 2,905 
36 42 0.001) Mesa Verde CreU |S z| 438] 457) 13 | AF | Mesa Verde CreU 640 
37 33 0.001] Permian sand Per |S x | 3,050} 3,375} a {A | San Andres Per 4,115 
38 31 0.001} Permian sand and Per |S z | 3,919] 4,009} 2 |A | San Andres Per 4,359 
White lime 
39 33 0.001} Permian sand Per |S z | 3,454| 3,775] 2 | A San Andres Per 4,340 
40 30 0.001) White lime Per |L a |8,800| 3,860) «z|A | San Andres Per 4,757 
41 32.5  |0.001) Permian sand Per |S a | 3,525) 3,663) «| A San Andres Per 4,052 
42 29.5  |0.001| White lime Per |D | Cav |3,775/3,845}) «| A San Andres Per 6,202 
43 33 0.001} White lime Per |L z|4,730| 5,112) x |A | San Andres Per 5,302 
44| 33.5 |0.001) White lime Per_ |L x | 4,120) 4,152) a | A | San Andres Per 4,383 
45 56.5 |0.001] Dakota sand CreU |S z | 1,325} 1,337} 7|A | Chinlee TriassicU 3,010 
46 Dakota sand CreU |S z | 2,285] 2,350! 60 | D | Dakota Sand CreU 2,350 
47 33.5  |0.001} White lime Per |D | Cav | 4,418] 4,688/200y) A | San Andres Per 5,329 
48 31 0.001) White lime Per |L x | 3,793] 3,867| 2 |A  |San Andres Per 4,695 
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SOUTHEASTERN New Mexico 


Lea County.—The Eunice field was the largest producing pool in Lea 
County with a production of 7,891,771 bbl. from 492 wells, followed by the 
Monument field with 7,739,445 bbl. from 493 wells. The Vacuum pool 
was the most active area in New Mexico, with 138 completions. 

The discovery well in the South Maljamar field was the Barefield and 
Brooks well drilled in the SE44 NEM, sec. 5, T.188.,R.32E. The total 
depth of this well was 3724 ft., and it flowed at a rate of 50 bbl. in 6 hr. 
This production came from the San Andres formation of Permian age. 

The discovery well in the North Maljamar field was the Carper Drill- 
ing Company’s Taylor No. 1 in the SW14 SW sec. 30, T. 16S., R. 32 E. 
This well encountered production in the San Andres lime at a total depth 
of 4097 ft. with an initial production of 15 bbl. daily. 

The discovery well of the Halfway pool was the Westlea State No. 1 in 
the NEY SW sec. 16, T. 20 8., R. 32 E. swabbing 1000 bbl. of oil daily 
from the San Andres formation at a depth of 2629 feet. 


TaBLE 2.—Summary of Drilling Operations in New Mexico 
Surface Formation, Tertiary; Deepest Horizon Tested, Permian 


Important Wildcats Drilled in 1939 


Initial Pro- 
Location i Pressure, Lb. 
ania per Sq. In 
Total eh ee Choke 
County Depth, Drilled by Gas, |= 
wet: | ash ved pa ‘ily | Mile |") cas. | Tub. 
Cc wp ge. . 5. } lions eee : 
Bbl. | Cu. Me Se 
Ft. 
1 Nay Hightower 1 
2 New, Russel & Wood 7 0 P y v 
3 Comanche Drilling Co. 1 
4 M. F. Anderson 1 
5 Comanche yf i iP y v 
6 Western Minerals 1 
7 P. H. Nolen y 80} 0 P y v 
8 Culbertson & Irwin, Inc. 1 
9 Henry Swift 1 
10 Farmer & Talmadge 1 
ll Geo, L. Roundey 1 
12 A. W. Rutter 1 
13 Fred Turner 1 
14 E. 8. McAuliffe 1 
15 Stanolind Oil Co. 1 
16 Barnett Oil Co. r 
17 Martin Yates 520) y 2 y 
18 Fred Turner Jr. 1 
19 Magnolia 1 
20 arry Leonard 1 


Westlea Oil Co. 


Number of wells drilling Doo..31, 1980)... <cots-cnic coh ncuebiiza cenewe cette 98 20 
Number of oil wells completed during 1939...............cccececcecceceeecs 560 5 
Number of = wells completed during 1939..............ccccucceceuccevees 15 0 
Number of dry holes completed during 1939...............ccceccucseecuceee 52 21 


1 Dry and abandoned. 
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Eddy County.—Loco Hills, the scene of the greatest. activity in Eddy 
County, was discovered by the drilling of the Yates et al. Yates No. 1 in 
the SEY sec. 6, T.188.,R.30E. This well was completed in February 
at a total depth of 2874 ft., flowing 520 bbl. daily. At the end of the 
year there were 70 producing oil wells in this field. 

The second field discovered was the High Lonesome pool. The dis- 
covery well was the Nolen-Iles No. 1 in SE4%4 SE4 sec. 17, T. 168., 
R. 29 E., completed Nov. 20, 1939, at a total depth of 1824 ft., pumping 
80 bbl. daily. 

Chaves County.—A small producing well was drilled in sec. 29, T. 
118., R. 25 E. It was drilled to a total depth of 1018 ft. with a reported 
initial production of 7 bbl. of oil and 3 bbl. of water on the pump. This 
new area is called the Grand Plains pool. Two other dry holes have been 
drilied near by and the results obtained are not very encouraging. 
Production was obtained from the San Andres limestone. 


NorTHWESTERN New Mexico 


Drilling activity in the northwestern part of the state was confined 
chiefly to the Rattlesnake field, in San Juan County, with the completion 
of 13 producers and one dry hole. Three gas wells were drilled in the 
Kutz Canyon gas field. Several dry holes were drilled in the Farming- 
ton area. 
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Oil and Gas Developments in New York for 1939 


By C. A. HartNnaGEe.* 
(New York Meeting, February 1940) 


In 1939 the production of crude oil in New York totaled 5,105,000 bbl. 
This marks the third consecutive year production of crude oil has exceeded 
5,000,000 bbl. and only once has this total been surpassed—in the year 
1882, three years after the discovery of oil in Allegany County, when 
the annual production was more than 6,000,000 barrels. 

The most gratifying feature of the industry was the increased demand 
for lubricants, which resulted in advanced prices for crude. From a 
price at the beginning of the year of $1.68 per barrel, six advances 
totaling 82¢ brought the year’s closing to $2.50 per barrel. A further 
increase in price on Jan. 1, 1940, to $2.75 per barrel places the local 
industry in a strong position for the year’s operations. 

Most of the oil production of the state is now obtained by water- 
flooding, and the industry is practically stabilized. No new pools have 
been discovered in over 25 years, and border drilling indicates little 
prospect of extending the boundaries of the fields beyond their present 
limits. Deep drilling to the Oriskany sandstone in and close to the 
present oil fields has failed to find oil in substantial amounts. 

Altogether, the oil pools of New York have produced during the 
60 years that they have been exploited approximately 125,000,000 bbl. 
of oil. Following the flush production of 1882, the annual production 
gradually decreased and the year 1912 marked an all-time low of only 
782,000 bbl. In 1919, as a result of flooding operations, a definite upward 
trend in oil production was recorded. During that year also the produc- 
tion of oil by water-flooding methods was approved by Legislative action. - 
In the 21-yr. period beginning with 1919, oil production in the state has 
totaled 60,338,000 bbl. Thus it will be seen that by the aid of flooding 
methods nearly as much oil has been produced in the last 21 yr. as in the 
preceding 40 yr., although the latter period included the flush production 
in 1882. 

As there is little hope of extending the area of the present producing 
oil fields of the state, producers and refiners are concerned regarding the 
future life of the fields. It is encouraging to observe that earlier esti- 


Published by permission of Director of New York State Museum, Albany, N. Y. 


Summarized at meeting; manuscript received at the office of the Institute March 
20, 1940. 


* Assistant State Geologist of New York, Albany, N. Y. 
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TABLE 2.—Oriskany Wells Completed in New York State in 1939 
erste Initial | Pres- 
" Daily | sure, 
: Oris- F 
County and Township Name of Well kany Drilled by Bog Remarks 
ion, per 
ip Cu. Ft. |Sq. In. 
Allegany: 
1 Almiticose cs ee Vossler 5,294 | G. L. Cabot 8. W.8 
2 AMIbY siirceisicaceeyaatrt McEwen 4,398 | Clancy et al. Dave 
3 BYdOvervosene eon Padden Estate 4,627 | Penn-York 12,000 | 2,000 | S. W. 
4 Arigelica..iscccnewaece aut Sydney Hooker 3,642 | E. A. Williams Dry 
5 edeaeeciiss aS Ferris Rigby f Van Gelder 8. W. 
6 Independence. .......... C. G. Baham 5,370 | Belmont Quad. Ss. W. 
7 ee nan bene eee O’ Dell-Heselton 4,835 | Belmont Quad. 8. W. 
8 Walling Anis cotacnttseateae Dora Barber No. 2! 4,416 | G. L. Cabot S. W. 
9 Willing i, scotch eereronres Thomas Maxwell No. 2! 4,828 | Cunningham 17,000 
10 Walling: <sitsins eectecte'ne Floyd Wilson No. 2? 4,920 ios Gas & Fuel} 9,000 | 1,450 
0. 
11 Willing 34. ..20 indices F. Hilligas No. 3? 4,882 | Belmont Quad. 9,000 | 1,540 
12 Willig sii Sacto ne ee C. Wilson No. 2? 4,927 | Penn-York 14,000 | 1,275 
13 Willing?.s outers William Shear No. 22 4,953 | Cunningham 5. W. 
14 Willing. . 3 Sos signe os exter Martin Sweeney? 4,958 | Cunningham 8. W. 
15 3 pee sie avevuve wlaliatele ale ae Kate Clark No. 12 4,848 | G. L. Cabot 8. W. 
teuben: 
16 Addison i scoaclieie we cerns Fred Farnham 3,937 | Van Gelder 8. W. 
17 Cameronys nn cnt emenas F. Boyd 3,891 | N. Y. S. Nat. Gas 13,900 | 1,880 
18 Oamieroniccasacse meres: Lloyd Hall 3,854 | Hanley & Bird 8. W. 
19 Cameron. jos. ess ncinds William Preece 4,091 | N. Y. 8. Nat. Gas 8. W. 
20 Camerong Af. coesc seen Andrew Taft 4,193 | Belmont Quad. S. W. 
21 Cameron icassee const H. Thompson 4,084 | N. Y.S. Nat. Gas 8. W. 
22 Gameroniss at naeeioates Sylvia Allen 4,177 | New Penn, et al. 8. W. 
23 GCaméronens goccdenccanes Lydia Owens 4,122 | G. L. Cabot S. W. 
24 Cameron ...| Clifford Owens 4,253 | G. L. Cabot 8. W. 
25 Cameron .| Federal Land Bank 4,170 | G. L. Cabot 8. W. 
26 Canisteovin<. tides vere Vanderhoof 3,744 | Hanley & Bird Dry 
27 Greenwood............-. Ray Scribner 4,173 | G. L. Cabot 8. W. 
28 Greenwood .| Larry Hyland 4,745 | G. L. Cabot S. W. 
29 Groonwood!. Jo5.csseteak Lewis Weber 4,353 | G. L. Cabot Dry 
30 Greenwood............-. William Ackley 4,721 | Belmont Quad. S. W. 
31 VASDER! Soca che bees Albert Whiting 4,076 | G. L. Cabot 8. W. 
32 Jasper. 00, si haet copes E. Walrath 4,160 pe Penn-Cunning-| 4,200 
33 Jasper .| A. H. Shaul 4,125 | Belmont Quad. Dry 
34 JABPEE oe esaccee cas cur Bert Healy 4,180 | Belmont Quad. S. W. 
35 SEDUPSGON: verry ch ois ere es Foster Estate 3,931 er et al. Dry 
36 Troupsburg lous lescits cae E. G. Cady 5,026 | New Penn Dev. Co 1,400 
37 Troupsburgstn.e: susan G. R. Cady 4,927 | N. Y. S. Nat. Gas Dr 
38 TOUPSDUSE) os. dsc aa he William Carpenter 4,208 | N. Y. 8. Nat. Gas 8. W. 
39 Troupeburg.... ...<2.... Lester Gurnsey 4,652 | N. Y. 8S. Nat. Gas S. W. 
40 TISCRTOTAiic. «ss araone eae John Hollis 3,608 | N. Y. 8. Nat. Gas 115 
41 Woodhull eta Acasa at George Hotaling No. 2 3,917 | G. L. Cabot 1,621 | 625 
42 W.GOdh lls. arsine School Dist. No. 5 3,703 | Clancy et al 1,900 
43 Woodhull’. *caceees tok George H. Rice No. 1 3,768 | Hanley & Bird 2,500 
44 Woodhill. scan ck tenes ella oun 4,146 | Sylvania 1,141 
45 Woodhull.) s «:cSanantire: William Meade No. 1 4,055 | N. Y. 8. Nat. Gas 1,400 
46 Woodhull. i. ccsecnenncas Parks Bros. No. 3 4,176 | N. Y. 8. Nat. Gas 7,400 | 1,025 
47 Woodhull... cussahe ee Neva Husted No. 2 4,001 | G. L. Cabot 1,816 | 255 
48) Wioodhull.cn ts. ic etna C. Crane No. 3 3,931 | G. L. Cabot Dry 
49 Woodhull .| John Dorr 4,831 ips acanan Nat. Dry 
as 
50 oh Woodhull's f sceaosvcasnt M. E. Woodard No. 2 3,898 | Hanley & Bird 1,400 
emung: 
51 Baldwin: dee pe xewactaen ae Bennett 3,424 | N. Y. S. Nat. Gas Dry 
52 PND ass Oracle way F. Husted 3,362 | N. Y. 8, Nat. Gas 8. W. 
Tompkins: 
53 ADDY sac loiese aisle via 08 M, Taubman 2,465 | N. Y. 8. Nat. Gas 4,985 | 920 
54 Dano ile. as ene Miller Bros, 2,274 | N. Y. 8. Nat. Gas Dry 
55 DARD Y saatcatteneccny canis Knuutila 2,607 | N. Y. 8. Nat. ex 8. W. 
56 DANDY, oer nase nts oe R. Thomas 2,319 | Belmont Qu Dry 


1 State Line field. 


2 Beech Hill field. 


3 Salt water. 


ee apna 
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mates of production have had to be revised upward, both in the state 
and the nation. Few of the past estimates allow the New York fields 
a life of more than 10 yr. at the present rate of production. In fixing 
upon an estimate, however, many factors must be considered, for which 
data are not always readily available. Again, new methods may effect 
recoveries per acre that exceed expectation, such as the ‘‘five-spot”’ 
method of flooding and the more extended use of pressure pumps have 
achieved in the past. In Allegany and Steuben Counties, not over 
one-third of the oil area has been or is being flooded. No figures are 
available for Cattaraugus County. In Allegany County the average 
recovery by flooding methods is 3500 bbl. per acre, although 5000 bbl. 
and even greater yields are reported from some properties. Offsetting 
these facts it must be acknowledged that to date the better proper- 
ties have been and are being flooded first and that later yields will be less. 
From experience thus far gained, it would seem that future production 
by present methods from the New York fields could not be less than 
70,000,000 bbl. If it were possible to weigh all factors entering into the 
problem, an estimate of 120,000,000 bbl. might not be excessive. 


NaturaAu Gas DEVELOPMENTS 


Unusual efforts to obtain additional gas production to augment the 
rapidly declining supplies from the Oriskany fields were made in New 
York during 1939. Fifty-six Oriskany wells were drilled but the com- 
bined initial capacity of the 18 producing wells was 104,778 M cu. ft. of 
gas, the new supplies falling far below those in each of the previous 
four years. | 

Since the discovery of the Oriskany gas fields in Allegany and Steuben 
Counties, the state’s annual production has increased rapidly. From a 
production in the state of from six to eight billion cubic feet annually for 
a number of years previous to 1936, the production for that year in round 
numbers increased to 12 billion cu. ft., in 1937 to 21 billion cu. ft., and in 
1938 to 39 billion cu. ft. The 1938 production marks an all-time high 
in the long history of the natural gas industry, which began at Fredonia, 
N>Y:, in.1821. 

There has been very little activity in other sections of the state. In 
the old Pulaski and Sandy Creek fields of Oswego County, where gas is 
obtained from the Trenton (Ordovician) limestone, three or four wells 
have been drilled. At Camden, Oneida County, only one producing well 
to the Trenton limestone was drilled during the year. The Trenton 
fields of Oswego and Oneida Counties are small and drilling operations are 
undertaken only when gas is needed for local use. No Trenton gas goes 
to distant markets. 

In the Medina gas fields of western New York, activities have been 
limited to the drilling of a few wells. Much of the Medina territory can 
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be supplied with gas from the Oriskany fields of New York and Pennsyl- 
vania, through existing pipe lines. During the flush period of Oriskany 
gas production and the low prices for gas, there has been little incentive 
for new drilling. In fact, many of the older Medina wells have been 
used for the storage of Oriskany gas. 


ORISKANY PRODUCTION 


Of the 56 wells drilled to the Oriskany in 1939 (Table 2), 22 were 
drilled in four fields, two of which, the State Line and the Beech Hill, are 
in Allegany County, and the two remaining, the Greenwood and the 
Woodhull, in Steuben County. Twelve producers out of the 22 wells 
had a combined initial daily capacity of 68,178 M cu. ft., which represents 
almost two-thirds the total initial production of 104,778 M cu. ft. daily 
of the Oriskany sandstone area. The remaining third was produced from 
six wildcat wells, one in Allegany County, four in Steuben County, and 
one in Tompkins County. At the end of the year, 11 wells were in 
process of drilling. 

The State Line field, although principally in Willing township, 
extends over the town line into Alma township. Drilling in the State 
Line field was begun in 1934, finding two producers that year with a 
combined initial production of 13,250,000 cu. ft. of gas. In 1935, nine 
producers averaged 25 million cu. ft. each; the next year 12 producers 
averaged about 24 million cu. ft. each, and their combined production of 
286,500,000 cu. ft. represents the peak initial daily capacity for the State 
Line field in any one year. In the last three years, only seven producers 
have been brought in, with an average production of 16 million cu. ft. 
daily. Of these, only one, the Thomas Maxwell No. 2, came in in 1939 
(Table 2). Out of a total of 37 wells in this field, seven have been dry. 

The most recent field, the Beech Hill, also in Willing township near 
its eastern boundary, is separated from the State Line field by only 2 or 
3 miles. In all, 17 wells have been drilled in this field during 1938 and 
1939 of which 11 had an average initial daily production of better than 
10,000,000 cu. ft. each. 

The Woodhull field was discovered in 1937, during which year 19 wells 
were drilled, all successful, their initial daily capacity totaling more than 
314 million cu. ft. daily with initial flows from individual wells up to 
28 million cu. ft. In 1938, two dry holes and 19 producing wells were 
drilled, with initial production totaling 132,146 M cu. ft. daily. During 
1939, rock pressures were greatly reduced and most of the completed 
wells were shot in order to increase the flow. Recently pressure pumps 
have been installed in spite of the fact that the field is only three years old. 
The Woodhull field is a highly competitive area and heavy withdrawals of 
gas have caused its rapid depletion. In all, 50 wells have been put down 
in the field, only four of which were dry, 


Oil and Gas Development in Ohio for 1939 


By J. E. ScHAEFER* 
(New York Meeting, February 1940) 


DRILLING activity in Ohio increased slightly in 1939. There were 
1020 completions as compared to 910 in 1938. During the past six years 
the number of completions has varied little (Table 1). 


TaBLE 1.—Well Completions in Ohio for Past Six Years 
BaseEep on Fiaures FrRoM A.I.M.E. TRANSACTIONS 


aes OH Wells, Gas Wells Bepeele foe 
1934 324 417 314 1,055 
1935 4 369 1,022 
1936 263 570 324 1,157 
1937 317 503 451 Ib Pagfll 
1938 189 433 288 910 
1939 170 501 349 1,020 


1 Number of oil and gas wells not divided in report for 1935; however, total was 
653. 


Oil production in Ohio has been gradually declining since 1896, when 
the peak production of 23,941,000 bbl. was reached (Fig. 1). Since that 
date production has slowly de- 
clined to an estimated production 
in 1939 of 3,144,134 bbl., the 
lowest in 53 years. This total 
production is divided approxi- 
mately into the following grades 
of crude oil: Pennsylvania, 

1,185,456 bbl. ; Corning, 1,261,615 46, 1 —Prrrotnum pdonueriow IN OHIO. 
bbl.; Lima, 578,500 bbl.; Lodi, Based _on_ figures of U. 8. Bureau of 
104,740 bbl.; Cleveland, 13,823 Mines and Oil and Gas Journal. 

bbl. Table 2 shows the prices paid for the various grades of crude oil. 


~<|904 


This report is based upon figures available at the year’s end from the offices of the 
various operating companies and from the various trade journals. Because of the 
short time available for the preparation of this report, the figures cannot all be 
considered final. Summarized at meeting; manuscript received at office of the 
Institute March 26, 1940. 

* Geologist, The East Ohio Gas Co., Cleveland, Ohio, 

353 


354 OIL AND GAS DEVELOPMENT IN OHIO FOR 1939 


As accurately as could be determined, at the close of the year 
approximately 25,680 wells were producing oil in Ohio, representing a 
decline of 1200 wells from the previous year. About 1370 producers 
were lost through abandonment, while 170 new producers were added 
during the year. The average annual production per well was 122.4 bbl., 
or a daily average of 0.335 bbl. per well. 


TABLE 2.—Prices for Crude Oil in Ohio during the Year 1939 
From Oil and Gas Journal, JANUARY 25, 1940 


Date Grade oie Date Grade ghee 

Jan. 1-Jan. 21....| Pennsylvania | $1.18 | Jan. 1-Nov.1..... Corning $0.97 
Jan. 21-Feb. 1....| Pennsylvania | 1.30 | Nov. 1—Nov. 4..... Corning 1.02 
Feb. 1—Mar. 6..... Pennsylvania | 1.45 | Nov. 4-Dec. 31... .) Corning 1.12 
Mar. 6-Oct. 6..... Pennsylvania | 1.55 | Jan. 1—Dec. 31..... Lima 0.90 
Oct. 6-Nov. 1..... Pennsylvania | 1.80 | Jan. 1—-Dec. 31..... Lodi 0.95 
Nov. 1—Dec. 1....} Pennsylvania |. 1.94 | Jan. 1—-Dec. 31..... Cleveland | 1.00 
Dec. 1—Dec. 31....| Pennsylvania | 2.05 


Gas production in Ohio, like oil production, has been gradually 
declining for many years. Figures are not available at this time to make 
an estimate of the gas production in Ohio for 1939. 


TABLE 3.—Summary of Initial Volumes by Sands 
From FIGurEs OF THE OnIO FuEL Gas COMPANY 


Total Initial Volume Average Initial Volume 


Sand 

beast Oil, Bbl. amie Oil, Bbl. 
Shallow:3e5 237. the sted one 26,977 257 i 
Berea ea ia ce Ae ke 42,027 235 12 
Shaloteeen td etcetera kore 1,228 175 0 
Oriskany: chao cere fice oe 618 154 19 
INGWDUTo dene etartire tin as open e 45,098 1,367 26 
SLIT COT xe ties sadn hao Oui iae ATS Rae 182,119 1,071 51 
EPONCOD a cieicte cat welts Ane ee 497 166 7 

298,564 (av) 596 (av) 20 


Activity By FIELps 


Sub-Trenton.—During the past few years considerable interest has 
been shown in the so-called “green sand” of western Ohio, which is found 
from 500 to 700 ft. below the top of the Trenton. Ten tests were drilled 
to this horizon during the year, but all were dry. Table 4 shows the wells 
completed to this horizon during the year. 
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TABLE 4.—Sub-Trenton Wells Completed in 1939 


From Grorce D, Linpsere, THe Sun On Company 


Depth, Ft. 
Farm and Number Section Township County 
T 9) 

Trenton) sateen. |, Total 
Wm. Morral No. 1....... 13 | Marseilles Wyandot | 1,828 | 1,905 | 1,920 
PROS LTA NO dluraciieccsiae.s Franklin Adams 1,467 | 2,089 | 2,162 
eet OLOSSUNOs. list.) nse 13.) Plam Wood 1,115 | 1,793 | 2,185 
pelogue No. lo. ..... Spring Valley | Greene 1,059 | 1,512 | 1,575 
R. B. Morrow No. 1...... 9 | Jackson Preble 1,136 1,630 
Geo. Moore No. 1........ Perry Brown 843 1,443 
esoninew, NOs bots. hice: 5. | Portage Wood 1,129 | 1,862 | 1,925 
Lucy Damon No. 1....... 24 | Harrison Henry 1,741 | 2,378 | 2,513 
Mary Crum No. 2........ 7 | Clinton Seneca 1,465 | 2,068 | 2,221 
E. M. Marshall No. 1.... Ceasars Creek | Greene 1,107 | 1,586 | 1,725 


Trenton.—There were only 28 completions in the Trenton sand, 
compared with 75 in 1937 and 34 in 1938. Of the total, 3 were gas wells, 
13 were oil wells and 12 were dry holes. It is estimated that approxi- 
mately 8750 wells were producing oil from the Trenton sand in 1939. 
There were about 1000 abandonments during the year. Based on the 
estimated total production in Lima grade oil, the average annual produc- 
tion of Trenton wells is only about 66 bbl. per year. 


TABLE 5.—Wells Completed in Ohio in 1939 by Sands 


From FiqaureEs OF THE OnIO FuEL Gas COMPANY 


—— ee. cea Sen 


Gas Wells Oil Wells Dry Holes 
Sand : Total 
Number es Number hash Number ce 

SIMGHNGe. SS Sag one citer aaa 105 44 48 20 86 36 239 
1 BYSE HEY) Seca RS CURSE 179 49 64 18 120 33 363 
Gordon e aeaee sn eee sos 0 0 0 0 3 100 3 
SUNAILE. ay Salad ce one lo oach Hector cet 7 | 100 0 0 0 0) if 
Oriskany....... 4 | 36 2 18 5 46 11 
INN OUNRE2 + cing 0S OMe tus ORME Ore 33 | 82 3 8 4 10 40 
(CUTEL Veh wes S136 G Glee Eine cD choose 170 53 40 13 109 34 319 
INT OTNGOLIGG re thar te ve Oacyee 12% ove soon h *Ke 3 i 13 46 12 43 28 
Ail RSM ROT ob ve Bin oreo oeae ore 0 0 0 0 10 100 10 
501 49 170 ale 349 34 | 1,020 


Clinton.—The Clinton sand continues to be the most important source 
of oil and gas in Ohio. There were 319 completions in this sand during 
the year, of which 170 were gas wells, 40 were oil wells and 109 were dry. 
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The average initial production of the gas wells was 1071 M cu. ft. and for 
the oil wells 51 bbl. Most of the wells represent extensions in the Clinton 
sand, which extends in an irregular manner from Lake Erie southward 
to the Ohio River. 

One area of particular interest was developed during 1939—in the 
contiguous corners of Mary Ann, Newton, Newark and Madison town- 
ships, Licking County. The discovery well was drilled on the Steinmier 
farm, in the northeast corner of Newark township, on Dec. 1, 1938, with 


an open flow of one-half million cubic feet. Important interest in the’ 


field dates to the completion of a well on the Van Wey farm on the south 
edge of Mary Ann township in February 1939, which had an open flow 
of 6144 million cu. ft. and an initial rock pressure of 725 lb. For the 
remainder of 1939 there were 48 gas wells, 1 oil well and 11 dry holes 
drilled in the Clinton sand in this locality. During the course of drilling, 
6 gas wells were completed in the Newburg sand. The Clinton sand is 
found at about 2500 ft. and the Newburg sand at approximately 2200 feet. 


TABLE 6.—Wells Completed in 1939, by Counties 


From FIGURES OF THE OnI0 FuEL GAs CoMPANY 


Gas Oil 


County Wats Walls Holes Total County Wells | Wells Hive Total 
Adams i509 thon pitas ans 0 0 1 1 Lawrence.......... 8 0 3 pla 
ATO Sor Aoidiere Fate 0 1 1 2 PE LAGKIng fe cei melas 67 24 34 125 
Ashland eck iaiiccwnta. 7 7 5 19’ F Loganii).<teses s.08 i | 0 0 1 
ATRONG ss. hea vidxecsche< 57 22 26 LOG" PWorain <a csecss cere 8 3 6 17 
AUGIRIZG . coos icic ates 0 0 3. 3 || Mahoning......... 0 0 2 2 
Belmonts.) asc = aieraiste 2 0 3 5 i. Medinav.css vernek 17 25 20 62 
BLOWS weactie eres. ean 0 0 1 i MGIgS Siccn ce toons 25 0 14 39 
KSRET OMG 5 eat ie it ils. a1F 6 0 4 10) We MOnroa sens wars 22 5 9 36 
Columbiana........ | 0 8 OST MEOrgan sack saree 5 4 ll 20 
Coshocton.......... 2 10 2 14 || Muskingum....... 14 8 12 34 
Cuyahoga.......... 26 0 5 31 Noble sj.ctavs soies 52 3 19 74 
Fairfieldls, Sachs cee 11 2 6 IGS Perry ea. cee cic 13 6 1 beg 36 
Gallia 3 0 1 4° P Preble .ccc.o cs 0 0 3 5 
Geauga d.:s<s.caesuis 0 0 2 2 «} Putnam An. ecseees 1 4 1 6 
Greene. ic; fete aaw ae 0 0 1 TP. h Righland) 3 .icca0a% 1 0 3 4 
Guernsey........... 25 3 19 40 | Beneck. ve sete ec 0 3 4 7 
Hank iswansecaee 0 0 2 Bi Bhar oho as wreaths a 24 0 5 29 
FEAITIAON is. ccnona pes 0 0 3 Oe WP PUM ascot se 6 0 2 8 
ETON IV cies alae wah aries 0 3 1 4 | Tuscarawas........ 5 0 5 10 
BLOGHIN GS steele tates t 3 5 5 TSF | Vinton.,vtcstene set 1 0 1 2 
WMalmes is eesti s un’ 11 1 10 22 || Washington....... 41 20 35 96 
TRUSON GS fi: cic niet 0 0 1 Leal Wayne. i. cs sei. a> 2 2 2 6 
VACKB OM yrs csve Palais 3 0 1 BAW G00 vagiventite seis 1 0 2 3 
VORSEIAOI 5s. 15k we 6 2 3 ED fliWYnpdot.. .c.tccm 0 2 3 5 
WETOF Wis ethos ate 24 5 23 52 
DBS rdgniiivie ptoliybra ots 0 0 1 1 501 170 349 1,020 


Berea.—The only important development in the shallow sands of 
eastern Ohio has been the ‘‘ Yoker Valley district”? in Wayne and Beaver 
townships, Noble County. The discovery well was completed in the lat- 
ter part of 1938. During the year, 34 gas wells and 4 dry holes were com- 
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pleted. The Berea sand is found at depths ranging from 1500 to 1700 ft. 
and the initial rock pressures have averaged about 600 lb. Initial open 
flows here have been as high as 314 million cu. ft., but the average has 
been less than 1 million cubic feet. 


SECONDARY RECOVERY 


During 1939, a bill was passed by the State Legislature legalizing the 
water-flooding of oil sands. Two water-flooding projects are now under 
way in the Berea sand of Chatham township, Medina County, which is 
generally known as the “Lodi.” The Berea sand is found here at a 
relatively shallow depth of about 350 feet. 


HorizontTaL DRILLING 


Leo Ranney, of McConnelsville, Ohio, in 1939 drilled ‘‘the world’s 
first horizontal oil well,’’ to quote his report, on the Dion S. Birney farm, 
Malta township, Morgan County, Ohio. The following information 
was supplied by Mr. Ranney. 

The horizontal well was drilled among abandoned vertical wells, 
passing within 10 ft. of one, which had been shot with nitroglycerin. 
The horizontal core shows that the sand at that point had not been 
broken up or cracked by the vertical shot. The first horizontal well bad a 
diameter of 23¢ in. and originally was 802 ft. long. Later it was branched 
at 630 ft.; carried downward 6 ft. into better pay, then leveled off and 
drilled to a length of 953 ft. It was shot by Du Pont engineers with 1150 
Ib. of 80 per cent high-velocity gelatin and a line of T.N.T. Six weeks 
after the shot, the well was producing 7 bbl. of oil a day under a low 
vacuum applied each afternoon, oil and water flowing from the well 
by gravity. 

Mr. Ranney also experimented with horizontal drilling from a shaft 
and with the application of hot gas to the sand through the well mouth. 

He considered all the experiments successful, but says that more 
experimenting must be done, especially with repressuring in horizontal 
holes, before the method can be said to be generally effective. 
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Oil and Gas Development in Oklahoma in 1939 


By Tuomas BROWNFIELD* 


(New York Meeting, February 1940) 


Tue chronicle of the oil industry in Oklahoma in 1939 is one of 
declining production bolstered by strenuous efforts to find new pools or 
new producing horizons in the older, highly exploited, relatively shallow - 
areas. Production, which averaged 608,000 bbl. daily in 1937, the post- 
depression peak, declined to 463,000 bbl. daily in 1938 and continued 
downward to 421,000 bbl. daily for the year 1939. While the state could 
produce somewhat more oil if demand warranted it, production in most 
areas is at as great a rate as could be justified on the basis of maximum 
efficient operation. 

Outlet for Oklahoma crude has been seriously affected by the increase 
in production in the Illinois Basin. Crude movements from the Kansas- 
Oklahoma area to the northeastern consuming centers averaged 314,000 
bbl. daily in 1939 as compared with 397,000 bbl. in 1938. Oklahoma 
producers bore the brunt of this loss of market. 

The general production decline was accentuated by the August 
shutdown of 15 days, precipitated by the action of a major crude pur- 
chaser posting a 20-cent reduction in the price of crude. The Oklahoma 
Corporation Commission, in collaboration with other members of the 
Interstate Oil Compact Commission, ordered a complete shutdown of all 
producing wells in order to prevent the premature abandonment of 
stripper wells, which might result from a prolonged period of production 
at prices below operating costs. The reduction in price was forestalled, 
most major purchasers failing to meet the cut in view of the shutdown, 
and the company initiating the move rescinded its action. 

Fear of the shutting in of oil wells, especially those making consider- 
able quantities of water, is generally unfounded in the light of a super- 
ficial examination of the records. Oklahoma’s unprorated pools, which 
produced 154,000 bbl. daily in May, declined to 152,000 bbl. in June 
and 143,000 bbl. in July. Immediately following the shutdown, the same 
pools produced 150,000 bbl. in September, 145,000 in October, and 145,- 
000 in November. Thus, while the half month’s production loss in 
August has not been made up, the wells apparently have produced at a 
greater rate since the shutdown than immediately preceding it. 


Summarized at meeting; manuscript received at the office of the Institute 
March 20, 1940. 


* Carter Oil Co., Tulsa, Oklahoma. 
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TABLE |1.—Oil and Gas Production in Oklahoma 
Area Eee: 
P. : . Number of Oil and/ sas 
ae Total Oil Production, Bbl. OniGnanyyalls Methods, 
End of 
1939 
Field, County During | End | Number 
1939 of 1939] of Wells 
ww 
3 Oil | Gast] To End of | During 1939 | 2S 
g EB 1939 a he BS| B [S| Pro 
a 38 3s| & |S|ducing| | 3 
© Ke Gg | G |Z] Oile |-2] 8 
3 a ge| € |g z| 3s 
aoe Ba oF] oie 2| A 
CENTRAL OKLAHOMA 
1| Chandler, Lincoln...........-++- 1924] 1,160 11,339,200 370,840 51 51 
2| Davenport, Lincoln.........--.- 1924) 2,090 11,641,364 169,725 124 124 
3] Gessman, Lincoln..........++-++ 1934| 110 39,701 24,090 10 10 
4) Hoyt, Lincoln.....<...0--2000-- 1935 140 1,170,575 140,160 14 13 13 
§ Laffoon, ANCOUINS a cioletntoswin ota elarese 1,932 100 1,426,442 217,540 10 2) 1 9 9 
6| Lincreek, Lincoln..........--+++ 1932] 160 197,978 23,360 31 10 10 
7| Sac & Fox, Lincoln........---++ 1924 y 1,975,743 1,109, 235 135) y y 
8] Sporn, Lincoln,......6.20+- 002+ 1936 100 503,602 106,580 10 10 10 
9| Stroud, Lincoln..........5++2.-+ 1923 580 8,626,684 127,385 69 29 29 
10 Wilzetia & South Wilzetta, Lin- 
BPR ee eiciniaieid wis ctaatontn elute 1934 240 892,521 178,485 13 4 13 13 
11 (lovdand, Pawnee.......0++++++ 1904 y 39,834,965 175,565 y 265 265 
12| Jennings, Pawnee..........+-+-- 1916 y 3,795,307 106,945 y 1 81 81 
13] Keystone, Pawnee.....-..-++++- 1919 y 2,206,937 205,860 y 7 230 230 
14| Lauderdale, Pawnee.......------ 1915 y 12,838,658 321,200 y 204 204 
15| Maramec, Pawnee........-+++-: foe y 2,629,042 158,410 y 92 92 
16] Terlton & North Terlton, Pawnee 1917 \ 3,864,336 77,380 y 92 92 
17| Watchorn, Pawnee........-.+--. 1922} 320 7,247,786 108,040 7] 1 15 15 
18] Coyle, Payne..........---+++++- 1938} 480 409,595 389,455 24) 23 24) y y 
19| Garr, Payne...........00++ ++ ee 1920 y 2,196,730 131,400 7] 33 33 
20| Ingalls, Payne.........---.-+++- 1914 7] 5,852,057 133,955 y 35 35 
21 poet JN japeondo eobpaose 1938} 370 2,019,524 1,479,710 37) 20 37] y y 
22! Ripley, North, Payne..........- 1923 90 325,775 30,295 y 3 3 
23] Stillwater, Payne Sei eptnayels ae sso: 1935 120 494,595 28,835 6 3 3 
24] Yale-Quay, Payne...........++- 1914 y 21,017,441 522,680 y 173 173 
25| Remainder Central Oklahoma... 11,315,847 696,785 212 
26| Total Central Oklahoma....... 154,162,405 7,033,915 1,903 
East CENTRAL HOMA 
27| Muskogee, Muskogee.........--- 1904 y 12,369,850 47,085 y 155 155 
28] Deaner, Okfuskee.......-+.++++- 1920 y 2,989,845 124,100 y 97 97 
29| Gypsy Hill, Okfuskee........---- 1910 y 2,179,397 21,535 y 20 20 
30} Josey, Okfuskee eM anita) cts nieieieiol = 1923 300 10 5,078,572 69,715 y 26 26 
31] Weleetka, Okfuskee..........--- 1913 y 5,541,522 98,915 y 5 70 70 
32] Bald Hill, Okmulgee.........---- 1908 y 48,456,841 424,860 y 818 818 
33| Beggs, North & South, Okmulgee {|1900|* 11,750,754] 112,055] 109 109 
1911 
34] Coalton, Okmulgee.........++.+ 1907 y 4,553,930 32,485 y 114 114 
35| Hamilton Switch, Okmulgee...... 1909 y 3,053,407 38,690 y 84 84 
36] Morris, Okmulgee.........--+0+5 1907 y 24,642,074 159,140 y 275 275 
37| Okmulgee, Okmulgee...........- y 10,117,769 57,305 y 156 156 
38] Pollyanna, Okmulgee. . y 2,235,215 154,760 y 234 234 
39| Bird Creek, Tulsa y 69,331,009 447,125 y 1,847 1,847 
40| Broken Arrow, Tulsa. y 8,992,396 40,515 y 101 101 
41| Jenks, Tulsa. . Hy y 26,339,593 93,440 y 3 352 352 
42| Red Fork, pt ae ete ee y 7,647,214 29,565 y 90 90 
43) Turley, Tulsa........sceceseoee y 5,539,897 152,205 y 498 498 
44| Wicey, Tulsa.........++ y 2,403,399 59,495 y 129 129 
45| Coweta, hee satoeie y 1,385,641 21,170 y 1 46 46 
46] Oneta, Wag Jeasatntns y 1,392,991 42,340 y 59 59 
47| Stone "Bluff, CW aene: y 3,700,531 108,040 y 178 178 


b Footnotes to column heads and explanation of symbols are given on page 239, 
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TaBLE 1.—(Continued) 


Reser- 
voir | Char- Deepest Zone 
Pres- | acter Producing Formation Tested to End of 
sure, of 1939 
Lb. per| Oil 
Sq. in. 
Depth, Avg. Ft. 
ay : 
3 | Initial aye Name Ss = 5 = Name r 
8 Net 1B) E | a 1ee) § se 
Z peeks a 3B Le i= s os 
2 Bae % ¢ 1/2] a8 32/38] 3 as 
5 52 2 | 8 ales (ae i241 2 ae 
1 38 Various Pen, Mis S| Por 3,250 | 5,020 A 
2 43 Prue, Skinner Pen S | Por 2,600 |3,580 | 50 | ML 
3 44 Cleveland Pen S | Por y y M 
4 40 1st Wilcox Ord 8 | Por y | 5,100 y ‘ 
5} e1,872*| 21 Wilcox Ord S | Por 4,190 | 4,275 A Wilcox 
6 46 Wilcox Ord 8 | Por y y 
7 46 Prue Pen 8 
8 46 Simpson Ord 8 4,500 | 4,600 y 
9 41 Various Pen, Ord y 4,240 | 4,290 | 50 A Wilcox 4,520 
10} e1,977 | 40 Hunton-Viola Sil, Ord Lory 4,230 | 4,536 y 
a 36 stages heni Pen S| Por 1,300 | 2,400 
e 
12 38 Various Pen 8S ly ] y 
Pen 
13 38 Various Mis SL 1,100 | 1,970 
14 37 Various Pen, Ord SL 1,185 | 3,000 
15 38 Various Pen, Mis SL 2,400 | 3,200 
16 38 Various Pen, Ord $ 1,460 | 3,105 
17 41 Wilcox-Layton Pen, Ord S| Por y y 
18 46 Wilcox Ord 8S ly y y 7] 
19 38 Various eyes SL 
20 40 Various Pen, Ord SL 3,115 | 3,760 
21 43 Wilcox Ord § 4,768 | 4,795 27 
22 43 Wilcox Ord S | Por y y y y 
23] e1,700 | 40 Wilcox Ord S | Por | 4,300 | 4,306 6 A | Wilcox 4,306 
a 38 Various Pen, Ord LS 2,670 | 3,580 
26 39.5 
27 38 Various 1,052 | 1,790 F 
28 38 Deaner-Lyons- Mis, Ord 8 2,800 | 3,650 
Wilcox 
29 33 Various Pen, Ord Ni] 2,430 | 3,290 
30 40 Wilcox Ord 8 3,600 | 3,650 | 50 D Wilcox 3,700 
31 39 Glenn-Gilcrease- Pen 8 2,530 | 2,660 | 30 
Lyons 
32 30 Various Pen S 750 | 2,250 
33 37 Various ges SL 1,760 | 2,550 
34 30 Various Pen, Ord 5 1,300 | 2,835 
35 29 Glenn-Wilcox Pen, Ord 8 1,385 | 2,700 
36 36 Various Fon, Mis, SL 1,600 | 2,450 
37 30 Various Pen, Ord 8 1,240 | 2,750 
38 34 Various Pen 8 1,365 | 2,285 
39 31 Bartlesville-Burgess | Pen, Mis 8 1,110 | 1,845 
40 37 Bartlesville-Dutcher} Pen 8 1,350 | 1,500 
41 36 Various Pen, Mis SL 1,400 | 1,800 
42 84 Various oie Cam- LS 599 | 2,160 
43 32 Bartlesville- Pen, Cam- SL 1,260 | 1,945 
Siliceous Ord 
44 37 Various Pen 5 1,480 | 1,950 
45 38 Dutcher-Burgen Pen, Ord 8 700 | 1,280 
46 38 Dutcher Pen § 1,000 | 1,200 
47 36 Wilcox-Turkey Mt. | Ord, Cam s 1,840 | 2,275 


*e means “bottom-hole pressure.” 
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TABLE 1.—(Continued) 


Fr oe 
rea A uction 
Proved, | Total Oil Production, Bbl. | Number of Oil and/ | wrethods, 
Acres OF 88 Weus End of 
1939 
Field, County During | End | Number 
1939 jof1939) of Wells 
5 ) 
4 >| To End of ‘ 25 
q B Oil | Gas' 1939 During 1939 re z a Pro 2 
Pe oS ® |o/ducing| |] 
5 ee Bo| & [S| Olle |-2| Bae 
E 84 Bs| 8 lz 2] 33 
35 > re) led | <7 
48| Remainder E. Cent. Oklahoma. . 39,295,247 1,358,165 1,638 
49| Total East Cent. Oklahoma..... 298,997,094 3,692,705 7,096 
East Crentrat-Creek County 
BU PATNO ares <rastileie a ape Raise 6, alates 1923 y 2,514,629 64,605 y 17 17 
pill BigPond aicios, tancutede wt ots 1924 y 4,283,446 132,495 y 36 36 
52 Bowden Rs irda iate Not custatehane evstatess 1906 y 20,633,309 127,385 y 244 244 
BS BTISUO Wisin sean cc.k:s. sian Sarcisle.s eleva. 1916 y 36,819,510 376,315 y 154 154 
§4| Bristow, North................: 1922 y 3,054,406 104,755 y 100 100 
56| Bristow, West...........-....+% 1922 y 1,250,305 51,830 y 21 21 
BOUOMBDINGs tance see eet nace 1912} 24,500 352,774,097 3,451,805 | 3,665 1,874 1,874 
ieee Dy HObkaacs at s.c(clomcistecoers ns « 1920 y 5,318,224 146,730 y 63 163 
Bo CDE Wn onereininye etuatsisie Ws <n 90 = 1915 y 35,712,750 329,595 y 80 80 
BO Glenn Pook ai. sc. s ewe coe edule 1905} 14,720 218,029,735 1,195,010 y 2 1,794 1,794 
60| Independent............. ibe Me 1908 y 3,758,207 187,975 y 44 
GuleROMe OSD, ee ccere ie Rye ticle «8 ate 1917 y 2,243,630 33,215 y 60 60 
62| Manford (Deep and Shallow) 1922 y 5,269,492 427,415 y 2 270 270 
BOW NLOUnC Sac teeter een a ste ceria 1915 y 2,910,114 90,885 y 53 53 
Ba ONVE cecectncot cee os.clhe tee rec LOLs y 4,506,647 270,100 y 207 207 
Bol SADUUIS es states tees oie sam anes == 1909 y 6,070,590 75,190 y 9 103 103 
Gol Sapulpa, SOUtH. cajc sae ee Sere 1910 y 5,888,482 65,335 y 73 73 
Slick. . 1913 y 32,600,436 347,115 y 179 179 
y 3,473,697 192,720 y 64 64 
69| Remainder E. Central Creek 
GUNG fect clostiar cea coe ose 10,635,738 992,435 y 525 
70| Total E. Central Creek County. . 757,747,444 8,662,910 6,061 
NortTHERN OKLAHOMA 
71| Garber, Garfield................ 1916) 4,605 58,887,157 645,685 | 971 7 577 577 
72) Hillsdale, Garfield.........+...-. 1938 20 69,350 43,435 1 2 2 
73) Waukomis, Garfield............. 1938 10 29,203 10,585 1 1 1 
74| Caldwell, Grant.............-+-+ 1929 30 252,330 8,760 2 2 
75| Deer Creek, Grant......... Ee 1922 y 1,154,697 71,175 11 11 
76h AMON, GTANE, <0. + oc cc ee + wae 1937 40 342,595 129,210 2 2) 1 1 
771 Blackwell, Kay...........+.0-s:- 1918 y 4,393,792 155,125 43 43 
78| Braman & North Braman, Kay |1924| 1,180 22,062,653 471,215 1 95 95 
79| Braman, Southeast, Kay........ 1938 y 87,283 61,685 2 4 4 
BW dworth, Way aso. lecc cies feces» 1917} 5,280) 2,720 4,968,628 157,680 85 85 
81] Hubbard) Kay... cssace.-c<2-s 1924) 620 8,041,258 190,165 38 38 
89) Ponca City, Kay..........+.-5% 1917) 1,680 6,217,430 77,015 1 37 a 
pS| Thomas) Kays. s.1.cisae seed - 1924 y 7,019,707 80,665 17 7 
BA) Lonkaway KY sc5 50.05 c08% ssn 1921} 3,050 120,109,427 677,075 | 929 313 313 
85| Vernon, ae ...|1925] — 920 3,146,172 97,455 18 a 
86| Crescent, Logan...... ...|1933} 1,010 12,114,338 979,660 52 47 
87 Hull Logan......222-..- 0 .. {1984 80 203,491 15,695 ! a a 
88| Langston, Logan.............-+: 1934} 300 857,267 125,925 1 5 
Gol Tovell) Logai'. Gee seca sine ede 1928 y 2,580,152 33,580 ‘ 4 
90| Lovell, West, Logan........+...- 1936 20 95,176 4,380 2 ¥ Pi 
91| Marshall, Lovan............-+++ 1927 y 11,654,193 75,555 7 7 
92| Meridian, Logan...........-.-+. 1938 70 95,147 72,635 AN gt 7 
93] Billings-Wilcox, Noble........... 1936] 730 6,804,839 | 2,171,385) 72} 3 ; y y 
94] Billings (Shallow), Noble......... 1917; 600) 60 6,173,586 11,315 
. 124) y y 
95] Lucien, Noble..........2..e200% 1932} 3,820 23,650,163 3,014,535 | 126 2 
96| Lucien, North—WNoble........... 1936 y 592,638 251,485 2 e y y 
97| Marathon, Noble...........-..- 1935 y| 30 128,168 8,760 1 : ; 
98|/Otoe City, Noble... 6.......50: 1930 10 51,903 4,015 | 
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TaBLE 1.—(Continued) 


voir Char- Deepest Zone 
Pres- | acter Producing Formation Tested to End of 
sure, | of 1939 
Lb. per} Oil 
Sq. In. 
Depth, Agv. Ft. 
Ge: 
3 | Initial |4-5 Name os can | os ame a 
5 Bee 815/38 | sF |ge| & sé 
z eek : 613] se | s3 les! 2 33 
oF a a = 2 4 
a| = 823 3: |.6) | See zene ae 
48 
49 34.9 
50 36 
51 32 Various Pen, Ord 8 
52 32 
53 35 Various c= ae SL 2,700 | 3,200 
54 35 Various Pen, Mis, SL 
Ord 
55 35 8 3,152 | 3,155 
- . Numerous Horizons | Pen, Ord SL | Por 2 AF 
58 32 pee Dike Pen, Ord 8 2,700 | 3,397 
cox 
59 750 | 34 Glenn-Wilcox Pen, Ord S| Por y 7 uv ML | Arbuckle 2,964 
60 35 Dutcher-Wilcox Pen, Ord 8 2,100 | 2,550 
61 36 Wheeler-Prue Pen N] 2,420 | 2,475 
62 39 Various Fee, Mis SL 1,550 | 2,980 
63 33 Various Pen, Ord § 1,100 | 2,400 
64 36 Various Pen, Ord NI 1,300 | 3,480 
65 es Various 1,000 | 2,290 
66 
67 32 Various Pen, Mis 2,340 | 3,088 Wilcox 3,140 
68 35 Wilcox Ord 8 2,672 | 2,687 15 
69 
70 35.98 
71 43 Various Per, Pen SL | Por 1,100 | 4,200 y AF ly y 
72 44 ly 7] y y y y 
73 53 Marshall 8 ly 7,260 | 7,280 | 20 y y 
74 44 Wilcox Ord 8 | Por y M7] 6 A ly y 
75 39 Various Pen, Ord 8 2,900 | 4,175 y 
76 49 Wilcox Ord S ly 5,400 | 5,410 | 10 y y 
77 40 Various ane, Coe SL 1,600 | 3,400 
Hk. - Various Pen, Ord SL | Por y y y A 
y 7] y y y 
80 40 Vass Pen, Ord, g Por y A : - 
; Per SL 
81 39 Various Pen, Ord SL | Por y y y AF ly y 
82 38 Various Pen, Per SL 1,500 | 3,900 A 
83 41 Various et Mis, SL | Por y z 
84 42 Various Pen, Ord S | Por | 2,660) 4,075 y z 
85 40 Stalnaker Mis 8 y E 
86 42 Layton 2d Wilcox | Pen, Ord 8 23 AF 
87 40 Layton en S| Por 4,800 
88 45 Wilcox ’ S | Por 5,100 | 5,145 A Wilcox 5,194 
89 40 Tonkawa-Wilcox | Pen, Ord Be by y rT] 
9 54 | Wilcox S| Por v y v 
91) 1,950 | 40 | Tonkawa Pen S fy y y 
9 48 | Wilcox Ord S ly 5,200 | 5,220 | 20 
93) €1,720 | 41 Wilcox Ord S | Por | 4,250 y uy A 
9 41 Hoover Pen 8 50 A 
Simpson-Wilcox 
95 42 Viola Ord SL y y 
96] €2,200 | 44 Wilcox Ord 8 y y 
97| 1,665 | 42 Wilcox Ord 8 34 A 
Layton 8 30 y 
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TABLE |.—(Continued) 


1 Peni 
= ; uction 
Proved, | Total Oil Production, Bbl, | Number of Oil and/ | wrothod 
eres or Gas Wells En, 4 ne 
1939 
Field, County During | End | Number 
1939 jof 1939] of Wells 
3 »| To End of $3 
q e Oil | Gas' 1939 During 1939 ze 3 z ae 
Zi 65 3BS| & |Siducing| &| 3 
rs] Bg a |S 4 ASI (S) 
c| aa ge| g 3 Oile | E | Be 
pet is S™| 5 |e | a7 
DO MP OlO VGN G Serciaccs tarsfe cercietersleres 1934| 370 3,384,037 424,495 37 1 33 33 
100 ams) Nove: sta siece stort « 1925 yi} 2,232,042 41,610 8 8 
101) Remainder Northern Oklahoma. . 3,285,422 143,810 40 
102| Total Northern Oklahoma....... 305,684,244 | 10,255,770 1,646 
Ox.anoma City ARBA 
103| Moore, Cleveland......... .... {1936 700 7,376,654 1,012,145 40 39] y y 
104) Noble, Cleveland... ..|1988 10 28,672 7,665 1 1 1 
105) Norman, Clevelan 1939 20 5,475 5,475 2) y y 
106 Britton,? Oklahoma...... 1935 360 2,070,141 235,060 1 29] y y 
107| Britton, South,? Oklahoma .|1938 10 68,488 40,880 1 1 
108| Edmond, Oklahoma...... {1930} 1,030 20 15,325,812 1,677,175 | 102 1 95 95 
109] Jones, Oklahoma......... . {1939 y 2,920 2,920 iT 1 
110) Newalla, South, Oklahoma . 1939 y 13,870 13,870 1 1 
111] Nicoma Park, Oklahoma. . . {1929 30 328,216 11,315 2 2 2 
Oklahoma City, Oklahoma. 
112 Wilcox. ccc ...|1929 346,712,186 | 29,680,694 y y 
113 Lower Simpson .|1928 106,511,311 4,115,702 y y 
114 Upper Simpson . {19382 2,094,510 231,212 y y 
115 Cleveland. : 1,543,045 y y 
116 Pawhuska. . .|1928 1,676,903 698,500 y y 
117 Other Zones .|1928 20,222,038 945,587 y y 
118 AL OtAU crates saiosieiaceiiee 14,100 478,759,993 | 35,671,695 | 1,474 15 1,020 
119] Total Oklahoma City Area... ... 503,980,241 | 38,678,200 1,190 
Osacn County 
AV VATATIIC, 5s cian aor'asa,0 cers proreyte'e” 1924 y & 330,825 96 96 
DE PACV SSI eh teiesets nis vcavela/sie.cisieleiece\sie stats 1904 y z 640,575 768) 768 
ADA Avant, West. circ elec cccweds oan 1905 y aw 60,590 185 185 
Ze SATSIBGSH oo idiese-c 0 core leieiarctessie» 1916 y z 74,825 2 215 215 
124) Bartlesville. cccs sac oi c. cerme es 1904 y 7 19,710 81 81 
DZS IBOSLON eo cipete Scie este erete edie aise 1904 y z 132,130 46 46 
126| Burbank, Osage and Kay......... 1920] 22,210} 230] 199,026,718 2,783,485 | 2,204 1,748 1,748 
iginal is- 
127| Burbank, South covery...... 1926 
Extension. .... 1934] 4,270 25,099,520 3,163,455 | 287 241) y y 
Z PBI Dewey: sextye-cisicieisi ie teie os(e ceases ais 1904 y x 22,995 8 108 108 
BQO DOMES aretctleretars iso oisie,e)sscie sielee a 1917 y z 86,870 218 218 
MBO) Mairhaxs, 16 cilemrsisisisiaie siasislere 6010 1925 y 483,070 52,925 16 16 
ASU Rlat Rockies tees veces cee anise. * 1906 y z 292,365 600 600 
H32 | ominy isn ceteio loi eteleiehe sce ovcis Ps 1916) 300 x 27,740 11 11 
133| Hominy, Bast................../1918 450 2 28,105 F 24 24 
134i Naval Reserves. .)5:01- 0.006. s16'. 016. 1933] 2,720} 160 14,636,017 1,481,165 | 254 242 242 
x 135] Osage City........0-.. 0 wee 1904 y z 275,575 234 234 
E 136] Osage-Hominy............----- 1917 y z 232,870 139 139 
E fovipbershing ee ce seeete chives se 1918 y £ 104,025 343 343 
135 |MPotitin Meche sae cccileac ee 1923} 380 & 33,945 20 20 
LES EG een arene ane ‘Hoi4| z| 44,805 239] | 239 
: Be ee 
q 1 Abandoned. 


2 Formerly reported as ‘North Britton” and ‘South Britton.” 
3 Formerly reported as ‘‘Olsen, Van Neck.” 
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TABLE 1.—(Continued) 
Reser- 
voir | Char- Deepest Zone 
Pres- | acter Producing Formation Tested to End of 
sure, of 1939 
Lb. per} Oil 
Sq. In. 
Depth, Agv. Ft. 
33 Z 
Z Initial ae Name > q a\¢g . Name 
Ee 8 PS ae Eee) Se ‘Sk 
z|  |BEE |e | 42| dz lel § as 
2 oF z = as S ee 2 
5 §3< mere 2|es ae |3<| # am 
99 41 Various ey y 4,823 | 4,900 y y 
100 42 Pen s 1,902 | 1,912 10 
101 
102 41.96 
103 41 2d Wilcox Ord S| Por A 
104 39 2d Wilcox Ord § 7,670 | 7,672 2 
105 38 y y y |y y 7] 7] 
106] 2,000 | 45 Simpson Ord DL | Por AF 
107 35 2d Wilcox 8 6,738 | 6,766 | 28 
108 39 Simpson, Wilcox Ord Por AF | Arbuckle 7,000 
109 35 Cleveland Pen 8 y 4,796 | 4,808 12 2d Wilcox 5,998 
110 38 Hunton Sil-Dev L 6,004 | 6,095 | 91 2d Wilcox | 6,610 
111 36 Trosper Pen S | Por | 6,157|6,168 | 11 ML 
112} ¢2,600 | 38 Wilcox Ord 8 22.5 y y 
113) e2,660 | 36 | Lower Simpson Ord 8S | Por y y 
114) 1,000 Misener Pen S | Por y y 
115 35 Cleveland Pen 8 y y 
116 Pawhuska Pen L_ | Por y y 
117 Arbuckle Cam, Ord L | Cav y yu 
118 37 6,700 
119 37.3 
Burgess, Mis, 8 2,500 | 2,525 | 25 
120 39 Siliceous Cam-Ord L 2,750 | 2,765 et 
121] RP | 33 Bartlesville, Pen, Sy) 1,400 et 
Burgess Mis Ny} 1,465 | 1,600 
122 32 Bartlesville, Pen, NS) 
olen Mis iS] ads 
eru, ’ y 7] 
123 33 | | Bartlesville Pen 6 1'550| 1,725 | 75 
124 33 Various Pen L, 8 650 | 1,265 
125 37 Various a ae SL 1,500 | 2,620 
r 
' 126} RP | 38 Burbank Pen 2,700 | 2,850 | 60 ML | Granite 4,240 
127; PM | 38 Burbank Pen 8 2,850 
128 33 Various Pen LS 650 | 1,265 
Stray, — Pen 1,057 | 1,124 | 67 
129 36 Bartlesville, Mia. SL 1,680 | 1,780 {100 
Mississippi 1,880} 1,925 | 45 
130 38 ie : Pen S  |20-25 tee | ML 
artlesville, 110] 1,205 | 9 : 
131; RP | 34 Burgess Pen Ni 1'345 | 1365 af Wilcox 1,667 
132 Pees Ord SD 2,625) 2,685 | 50 | A |Arbuckle | 3,206 
Siliceous lime 
133 34 artlesville Pen 8 2,160 | 2,210 A Arbuckle 2,857 
134 39 Becbant é Pen 8 : u Yu 
eveland, ,620 | 1,645 Ry ee 
185 37 [Bertil Pen 8 21950 |2:280 | 30} Mississippi | 2,431 
136 37 ieee 4 Pen SL " y ” y y 
eveland, 385 {1,400 | 15 
it 35 [Barts Pen 5 2'033 | 2,063 | 305| DP 
138 36 impson dolomite | Ord SD | Por y y A | 2d Wilcox 
139 34 Bartlesville Pen 8 1,720} 1,780 | 60 


ee SEE gee 


- 


‘ 


at PY id | 


THOMAS BROWNFIELD 365 


TABLE 1.—(Continued) 


Area 2 ake 
: uction 
Proved, | Total Oil Production, Bb. | Number of Oil and/ | Methods 
anes or Gas Wells Bad of. 
1939 
Field, County During | End | Number 
1939 |of1989] of Wells 
i~ 
3 . Oil |Gas?} To End of | During 1939 83 eS 
1939 sala ly 
3 sé 35/2 [S| eto | wl 
2 #2 eel g lg Olle || Se 
= ak O75 | fe) 25 
AOR ATROTIA 1, as cosine 2.=.> = ateselstg: Parole 1911 y z 71,905 81 81 
MARS SO0Ke casteiste.s/< ciatslere-atecie A (a's 3 1911 y x 18,250 30 30 
P42) Didal-Osage., ..0.c64 esse = scse eo [LOLS y F 82,855 108 
MAS OW HCH OLSBi tas so. cistaae oo sintwe 1912 y x 291,635 429 ro 
144] Wildhorse, North............... 1919 y z 27,375 33 33 
PASI WOOLATOC Wise -se1e, «cis mariners on 2 1917 y o 62,780 172 172 
AG AWW ODG te pista layslatscaraaye.0 aysreic'e aes 1917 y z 83,585 175 175 
~ 147] Remainder Osage County....... Lt 1,552,345 1,969 
148) Total ieee Comnty: BB ne tee 558,747,1404) 11,979,3005 8,571 
HMINOLH AREA 
149] Adams, Hughes...........+.--+- 1936 200 788,566 266,815 10 10 10 
150} Alabama, Hughes.............-- 1923 y 681,206 46,720 31 31 
151) Buchner, Hughes............... 1924 y 599,823 11,315 2 2 
152 Calvin, LED UGIES sirsle docu Sieisbeqs iste 1938 20 48,645 10,220 2 2 2 
BSS) Wink Meegeetci sen m.cic ooo closes ad 1934 y 14,654,375 1,369,480 y 9 123) y y 
154| Fream, Hughes............22505 1938 20 11,315 6,935 2 2 2 
155| Fuhrman, Hughes............+++ 1925 y 920,791 14,600 13 13 
156| Gilcrease, Hughes.............-+ 1924 y 181,636 2,920 2 2 
157| Holdenville, North, Hughes...... 1926 y 32,955 2,190 i 1 
158] Holdenville, West, Hughes....... 1916 y 4,659,096 274,480 123 123 
159] Papoose, Hughes.........-..++++ 1923] 2,660 22,928,634 237,615 | 279 58 58 
160] Yeager, Hughes.............-.+- 1925 7] 1,927,009 39,785 8 8 
161| Yeager, North, Hughes.......... 1936] -y 78,724 33,945 2 8 8 
162) Dill, Okfuskee \(West half)....... 1931 840 2,248,213 360,985 37 8 32 32 
1s em Diisies (West half).. ets 3,440 grad eee 348 oe oe 
sher, Pottawatomie........---++ y ,D59, i 
165| Asher, West, Pottawatomie....... 1930 675 7,275,050 101,105 69 34 34 
‘ 166| Avoca, Pottawatomie............ 1938 80 223,747 193,085 8 6 8) y y 
167| Earlsboro, West, Pottawatomie. . .|1927 y 1,942,082 103,660 21 21 
168| Gray, Pottawatomie............. 1932} 310 3,693,956 284,700 31 23 23 
3 169| Grisso, Pottawatomie.......-.--- 1934 y 303,671 45,990 1 4 4 
4 170| King, Pottawatomie............. 1930 y 76,590 32,120 2) y y 
; 171| King, West, Pottawatomie........ 1939 y 27,740 27,740 3 3] y y 
172| Maud, Pottawatomie..........-.- 1928) 1,540 11,658,571 273,385 | 155 1 60 60 
173| Sacred Heart, Pottawatomie...... 1939 y 52,560 52,560 6 6] y y 
174| Shawnee, Pottawatomie.......... 1934 y 1,641,887 400,405 12 35) y y 
175| Shawnee, East, Pottawatomie..... 1937 20 56,406 10,220 2 1 i 1 
“ 176| Shawnee, North, Pottawatomie. . .|1937 10 55,393 13,505 i iL 
= 177} St. Louis, 0 tee Rae ener id AD ee eta ae 189 ey y ¥ 
178| Tecumseh, Pottawatomie......... 9 f , 
: 179} Allen Deh; pene fe tere ve wre Urea es 453 17}: ca aes 
4 180] Bethel, Seminole...........--+++ 700, A 
4 181| Bethel, North, Seminole......... 1936] 320 2,410,761 696,785 30 29 29 
f 182| Bowlegs, Seminole............++- 1926| 3,600 114,317,449 | 2,710,125 | 364 1 232 232 
2 183] Carr City, Seminole........-..-. 1927) 1,210) © 29,180,622 930,020 | 121 1 85 85 
4 184| Cromwell, Seminole...........++ 1923] 4,790} 130 55,035,384 1,064,340 | 492 252 252 
: 185| Cromwell, South, Seminole....... 1937 80 334,028 123,005 8 8 8 
186] Dora, Seminole..........-..++++ 1935 980 3,488,692 1,141,355 16 98 98 
187| Earlsboro, Seminole.........-.-- 1926) 4,750 122,620,409 1,558,075 | 496 1 181 181 


4 Includes 32,710,309 bbl. produced in Burbank-Kay County. 
5 Includes 290,905 bbl. produced in Burbank-Kay County. 
6 Formerly reported as ‘‘Olympic” and ‘‘ North Olympic.” 
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TABLE 1.—(Continued) 


T- 
voir | Char- _— Zone 
Pres- | acter Producing Formation Tested to End of 
sure, of 1939 
Lb. per} Oil 
-In. 
Depth, Avg. Ft’ 
a3 . 
3] tnitiat (ae Name $ zie |. Name : 
g SER $fi{e/E | a |g! 8 sk 
Z Bre 3 3 | Leo 3/6 2 ag 
Se 2 & g = 3 Sy S aS 
2 Boe % 2 |S lese Veeiale ot ee am 
S| ope = iS) a a) Q Zz n 
Big Lime Pen 934 | 1,034 |100 
140 33 | J Bartlesville iat is 1,687 | 1,707 | 20 
Burgess : ,753 | 1,773 | 20 
Bartlesville Pe . (1,370 | 1,390 20 
141 34 } Burges May SL 1460 | 1,470 | 10 
Mississippi “ 1,500 | 1,650 |150 
142 36 Burgess, Bartlesville! Pen 8 
143 35 Various Pen, Ord 8,L 3,550 | 4,260 
144 35 Various Pen, Ord SL 
145 34 Skinner, Pen 8 
Bartlesville 
146 35 Various Pen, Mis SL 1,600 | 2,281 
147 
148 37.12 
149} 1,500 | 40 Payette Ne Sil-Mis Lime | P wala eae a A Wilcox 4,317 
leaner . i E 
150 39 {Lone \ Mis 8,1 { 31130 | 3.260 130} 
151 35 ooch-Cromwell Pen, Mis 8 y y uv 
152 36 Viola Ord L y y 7] 
153 37 Various ia 8 y y y 
154 36 | Cromwell Mis s) 3,335 | 3,354 | 19 
155 37 | Gilcrease-Cromwell | Pen, Mis 8 y y y 
156 39 Gilcrease Pen 8 y y 
158 40 Sand) 3,418 | 3,437 19 
158 37 arious Pen, Ord 8 ; 
159 36 Cromwell Pen S | Por 10 A Wilcox 
160 39 Various Pen, Mis, SL 
Sil-Dev 
161 37 Cromwell-Hunton | Mis, Sil-Dev 
162 40 Hunton-Cromwell | Sil-Pen SL | Por 30 
Senora- 1,685 | 1,735 7] 
163 34 Cromwell _ Pen S| Por 3,433 | 3,475 y 
164 39 Wanette-Viola Ord SL y vl oy 
165 43 Wanette 3,450 
166 39 Viola Ord L 4,206 | 4,208 2 
167 38 Hunton Sil-Dev L y y 
168] ¢1,440 | 40 Wilcox Ord 8 | Por 2,500 | 3,475 | 25 A Wilcox 3,500 
169 36 Hunton Sil L 4,030 | 4,050 Wilcox 4,860 
170 41 Viola Ord L 4,374 | 4,416 42 
171 41 Hunton Sil L 4,281 | 4,306 | 25 ; 
172] ¢1,000 | 38 Misener-Hunton Mis, Sil SL | Por 4,130 | 4,140 | 10 A Wilcox 4,330 
173 32 Earlsboro 8 2,862 | 2,883 | 21 
174} 500] 34 Earlsboro Pen 8 y 1] 
175 31 Wilcox Ord y 4,839 | 4,844 5 
176 36 | Simpson _ ; 8 4,853 | 4,886 | 33 
177 600 | 38 Hunton-Simpson Sil, Ord LS y 
178 37 Simpson dolomite Nie 5,125 | 5,238 [113 
179 36 Various Mis, Sil, Ord | SL 2,500 | 4,250 
180 36 Booch Pen 8 27y | ML 
181} 1,300 | 40 Cromwell Pen 8 3,630 | 3,615 | 20 A Cromwell 
182 40 Wilcox or Simpson | Ord 8 30 A 
183 40 Hunton-Wilcox Pen-Ord LS 4,180 | 4,205 A Wilcox 4,210 
184 37 Cromwell Pen 8 3,400 AF | Wilcox 4,226 
185 37 | Wilcox Ord 8 4,176 | 4,189 | 13 
186 35 | Boggy : .) 2,947 | 2,959 
187 38 Earlsboro-Wilcox | Pen, Ord N] y y y 
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TABLE 1.—(Continued) 


Area Hh 
Proved, Total Oil Production, Bbl. Number of Oil and/ Methods 
Acres or Gas Wells mndiohi 
1939 
Field, County During | End | Number 
1939 jof1939| of Wells 

E il »| To End of : SES 
q B Oil | Gas' 1939 During 1939 3 BS ~ z oho 
ee 35 33 | & |Siducing| #| -& 

2 5B Go| & VE oe |E| Se 
F| Efe Ba| 8 |s 2| £3 
ics a oF! 5 |e =| <r 
188] Earlsboro, East, Seminole....... 1929] 1,980 37,409,322 830,740 | 185 99 99 
189] Earlsboro, North, Seminole..... 1936 y 2,649,327 1,070,910 1 34 34 
190| Earlsboro, South, Seminole...... 1930} 310 8,434,423 187,610 31 18 18 
191| Grayson, Seminole............. 1935 y 1,207,692 462,455 2 36 36 
192} Hazel, Seminole...........-.+- 1938 200 277,774 173,010 20 2 20) y y 
193] Jackson, Seminole............. 1925 y 673,704 28,470 15 15 
194| Keokuk, Seminole............. 1933] 2,320 9,460,541 1,177,490 | 107 103) y y 
195| Konawa, Seminole............. 1929] 1,200 14,454,557 404,420 | 122 1 101 101 
196| Konawa, East, Seminole........ 1936 y 186,045 20,075 6 6 
197] Konawa, South, Seminole....... 1938 y 46,039 44,895 11 i 
198 Konawa, West, Seminole....... 1938 110 310,890 205,495 ll 1 lll y y 
199 Little River, Seminole...... 00+ 1927| 4,935 107,060,902 2,366,660 | 588 4 251 251 
200) Little River, East, Seminole......|1928} 650 16,242,389 255,865 y 1 64 64 
201| Little River, West, Seminole... . ./1938 y 08,086 347,115 3 10] y y 
202] Mission, Seminole.............+ 1928] 1,240 24,564,329 489,100 | 122 rl 70 70 
203| Rosanna, Seminole...........-+ 1924 y 1,390,095 112,055 6 21 21 
204| Sancho, Seminole............-- 1929 y 304,138 12,045 5 5 
205| Sasakwa, Seminole............- 1927 940 10,186,345 468,295 | 101 3 62 62 
206| Sasakwa Townsite, Seminole... . .|1933 120 2,103,949 143,445 8 8 
207| Searight, Seminole...........-- 1926} 1,370 33,436,832 437,270 | 144 1 66 66 
208] Searight, East, Seminole........ 1939 y 102,565 102,565 4l y y 
209| Searight, North, Seminole...... 1934 380 2,955,892 329,230 19 1 14 14 
210| Seminole City, Seminole........ 1926] 3,860 124,102,244 2,627,635.| 394 4 212 212 
211| Seminole, East, Seminole....... 1926) 1,280 7,477,043 446,030 | 129 96 96 
212] Seminole, West, Seminole....... 1935} 300 12,008,161 502,605 28 23 23 
213] Swan, Seminole.............+++ 1938 10 9,116 4,015 1 1 1 
214| Transco, Seminole..........-++ 1926 y 104,143 1,460 5 5 
215) Traugh (Deep), Seminole....... 1937 190 608,391 277,400 15 1 15] y y 
216| Traugh (Shallow), Seminole... . 1937 270 656,901 117,895 27 26 26 
217] Tyrola, Seminole.........+--++ 1937 50 54,292 41,610 5 3 5) y y 
218] Wetley, Seminole...........++- 1927 y 337,044 43,800 17 17 
219| Wewoka, Seminole...........-. 1923] 1,380 39,448,020 379,600} 231 105 105 
220| Wewoka, East, Seminole........ 1927| 230 1,654,187 74,095 29 9 9 
221] Wewoka Townsite, Seminole.....|1924| 280 2,869,751 156,950 40 26 26 
222| Wofford, Seminole...........-- 1935 y 603,021 65,335 5 5 
223| Remainder Seminole Area...... 6,125,759 118,260 30 
224| Total Seminole Area..........- 1,075,944,126 | 41,569,485 4,680 

SouTHEASTERN OKLAHOMA 

925| Brock, Carter..........+++++++ 1922} 600 3,962,637 85,045 127 127 
996 @addo, Carter. sas... otc 1939 y 085 10,585 1 1 

227| Centrahoma, Coal...........-. 1937 40 49,762 19,710 2 2 2 
228) Clarita, Coal...........++--+++ 1937 30) 10 41,862 12,045 4 3 3 
229] Citra, Hughes...........+++--- 1937 40 5,668 1 1 1 
930| Byars, McClain........-..++++ 1939 y 2,190 2,190 1 1 

231 Enos, EM arahall se ctoseecte ena 1933 y 123,745 10,585 25 25 
232] Isom Springs, Marshall......... 1931 y 127,277 22,265 1 44 44 
233| Kingston, Marshall..........-- 1932 y 16,407 9 9 
234 Madill, AT ENGLY TD ta) ote cies ake 1925 y 1,080,926 17,885 81 81 
235] Ada, Hast, Pontotoc...........- 1928 y 211,502 27,375 1 17 17 
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TABLE 1.—(Continued) 


Reser- 
aa ea Deepest Zone 
es- | acter i i Tested to End of 
ag of Producing Formation Aad. 
Lb. per} Oil 
Sq. In. 
Depth, Avg. Ft. 
3B ‘ 
Initial [As Name ¢ aig. ‘ Name 
<E oA aes g= |2e| & se 
2 b Fs S = He ie e - = as 
Bee % | 2] ag 2: sf] 3 Bs 
524 2 GS Wig oilidere Wego, lies et) wees A 
39 Calvin-Hunton, Pen, Sil, Ord | 8, L y | 4,250 y 
Linen Sil 3 A | Wil 4,680 
e1,940 unton i y y y y ilcox A 
21.365 | 41 | } Wilcox Ord S |Por | 4,640|4,650 | 10 | A | Wilcox 4/680 
39 ileox Ord S| Por 4,200 | 4,225 | 25 A Wilcox 4,225 
40 Hunton-Simpson, | Sil, Ord SL ly 4,030 | 4,050 | 20 uv y y 
Dolomite 
36 | Thurmon-Boggy Ss 2,991 | 3,003 | 12 y 
38 | Booch § y : 
40 Misener-Hunton | Mis SL |y 4,117| 4,152 {15-20} A Wilcox 4,483 
| Hunion Sil L iy y 7] Wilcox 4,483 
36 arlsboro-Crom- Pen, Mis, 8 y y 
well-Simpson Ord 
. Earlsboro Pen 8 y y y 
36 Boggy 8 2,697 | 2,714 17 
38 Cromwell-Wilcox Pen, Ord S | Por uy | 4,100 y y 
36 Various Pen, Ord 8S ly 7] y y 
39 Wilcox Ord 8 4,378 | 4,380 2 
39 Hunton-Wilcox Pen, Ord LS y | 4,300 y f 
38 Booch 8 3,034 | 3,054 | 20 
37 { Gilcrease Pen 8 y y y 
Cromwell Mis 8 3,261 |3,290 | 29 
36 Various 2 bee §,L 2,793 | 4,187 
37 Wilcox Ord S | Por 4,047 | 4,050 3 y 
38 Hunton-Wilcox Sil, Ord LS | Por 4,120 | 4,325 y u 
39 Cromwell Mis s 3,775 | 3,791 | 16 y 
32 Wilcox Ord 8S ly 4,596 7] y vy 
39 Wilcox (Simpson) | Ord S| Por y y 
Cromwell Mis 8 3,514 
38 Hunton Sil L v 
Wilcox Ord Ny} | 
42 Wilcox Ord S| Por 4,085| 4,115 | 30 A Wilcox 4,150 
36 Thurman $ 2,671 | 2,691 | 20 
36 pre Ord Spe 2,174 15 
impson ,500 7] 7] 
86 {Wiles Ord s 3.781 y 
33 arlsboro 8 2,347 | 2,360 13 
37 Hunton Sil L 3,317 y y 
35 unton Sil ' L 2,420] 2,585 {165 
37 ome eae Pen, Sil, Ord} SL | Por 
ileox 
Hunton Sil L Yu uy y 
38 | Wieox Ord 8 4214] oy | y 
38 Calvin-Cromwell | Pen-Mis L,8 
Hunton-Wilcox Sil-Ord L,S 
40 oggy-Wilcox 8 7] y y 
37.9 
32 Various Pen 8 | Por 2,100 AF | Ord lime 3,000 
35 Woodford Mis 8 4,170/ 4,324 |154 
388 Viola Ord L 5,970 | 6,235 |265 
39 Atoka $ 790} 836 | 46 
34 Bromide and Sy) 5,755 | 5,994 y 
McLish 
37 Viola Ord L 3,485 | 3,623 [188 
26 Arbuckle-Preston 
26 and . 8 537| 540 3 
26 Cretaceous-Trinity 
40 | Trinity SS] 402 
27 | Boggy-Senora 8 1,790} 1,795 | 5 


Pe, ae 
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Area hehe ied 
Proved, Total Oil Production, Bbl. Number of Oil and/ Methods 
Acres or Gas Wells ’ 
End of 
1939 
Field, County | During Mead a eNumber 
| 1939 of 1939] of Wells 

3g : .»| To End of : 8&2 
= B Oil =| Gas? se 0 During 1939 ze zis a 
Z 6S Ss| 8 3 ducing] 2 & 

o ae as a /s A Pai hs a sg 
4 8A ge| € |s| Ole |E| oe 
4 a x oF) 5 |= &| <4 
236) Allen (Shallow), Pontstuc........ 1913 y 8,456,337 112,420 192 192 
237| Beebe, Pontotoc..............-..|1923 y 8,755,864 880,745 17 177 177 
238] Beebe, East, Pontotuc........... 1930 y 204,035 102,200 2 22) y y 
239| Conservation, Pontotoc.......... 1927 y 458,759 29,930 10 10 
240| Fitts, Pontotoc..................|1933) 5,580 82,877,500 8,868,040 | 989 26 856] y y 
241| Fitts, North, Pontotoc...........|1934 y 440,607 42,340 15 15 
242) Fitts, South, Pontotoc........... 1937} 320 269,928 109,135 11 23 23 
243| Fitts, West, Povtotoc............]1987 170 287,692 109,500 13 13 
S44) Brancis;Pontotac.... <0. se s+ 1918 y 13,427 365 1 1 
245] Francis, West, Pontotoc.......... 1917 y 207,017 4,380 5 5 
DAG Pesse, CONPOLO cm. oss. p dicta 6 1935 y 3,467,032 816,140 y 4 68) y y 
247| Oakman, Pontotoc............+++ 1935 y 16,060 5,840 5 5 
248| Steedman, Pontotoc...........-. 1934 y 15,118 1,460 1 1 
249| Steedman, North, Pontotoc....... 1928 y 1,485,683 103,660 1 15 15 
250} Remainder Southeastern Okla. .. 27,673 8,030 11 
251| Total Southeastern Oklahoma... . 112,615,293 11,401,870 1,725 

SouTHWESTERN OKLAHOMA 

252) Binger, Caddo...........-.++-+- 1934 10 56,847 10,585 1 a 1 
253| Cement, Caddo.............+---|1917) 2,900 17,054,885 1,834,855 | 381) 51 284] y y 
DSA Bd Cox: Carter. .cils tepine eye ws 1925 y 424,875 77,015 az 45 45 
255| Fox (Old Prod.), Carter......... 1917} 1,110} 420 12,555,424 220,577 90 90 
256| Fox (Deep), Carter............-. 1935} 320 1,179,425 389,703 8 1 8 

257| Graham, Carter...............--|1917] 2,520} 220) 25,671,977 372,665 284 284 
258| Healdton, Carter...........-.--.|1918) 8,175 184,288,885 3,233,900 | 2,340) 26 1,929 1,929 
259| Hewitt, Carter...........-......{1919) 3,500 86,162,510 1,353,785 | 913 2 766 766 
260] Sholem-Alechem, Carter........- 1923] 3,570} 220 35,969,700 939,875 | 396 1 318 318 
961) Tatums, Carter.........5.. +555 1927} 2,300 14,902,024 597,505 | 247 220 220 
262] Tussy, Carter........-.0--0+5> 1933 y 2,338,008 134,320 83 83 
263| Wheeler, Carter..........-..----|1916) 540] 160 40,399 2,190 75 75 
264| Wildcat Jim, Carter.............|1914 y 16,638,283 189,435 88 88 
265| Hanbury, Comanche..........--- 1920 y 42,685 2,190 rt 7 
266) Walters, Cotton,.........---.++-+ 1917 y 24,792,771 352,590 253 253 
267| Robberson, Garvin...........++- 1921| 2,480] 320 14,507,989 368,650 | 328 183 183 
268) Knox, Grady......--+++00-0e02> 2,050) 250 13,648,023 600,790 | 245 8 157 157 
269] Altus, Jackson... 770 835,933 195,640 29 64) y y 
270] Tipton, Jackson y 1,091,200 390,185 28 52| y y 
271] Oscar, Jefferson.......--.--+--- y 9,212,695 |: 375,950 187 187 
272 aeay, sy dale 500 ROLE y 490,795 20,805 2 49 49 
273| Spring, Jefferson............+++- 1924 y 1,926,650 69,715 . 37 37 
274| Hobart, Kiowa...............--|1989 y 53,290 53,290 4 4) y y 
975| Stockton, Love..........--.1+05 1937 y 30,160 10,950 if 

276| Comanche, Stephens..........-- 1918 y 10,015,668 217,905 fi 158 158 
277| Cruce, Stephens.........--- +--+ 1926 y 60,191 1300 5 
278| Doyle, Stephens..........---+++ 1921 y 605,942 58,035 2 27 27 
279| Doyle, West, Stephens.........-. 1939 y 25,185 25,185 1 

280| Duncan, North, Stephens........ 1920 y 3,943,965 147,825 93 93 
281| Duncan, West, Stephens.........|1919 y 5,659,759 129,575 78 78 
282| Empire, Stepheis........----+-> 1920 y 12,823,651 491,655 18 268 268 
983) Loco, Stephens.........-++++5> «(1915 y 1,400,949 75,190 1 67 67 
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TaBLE 1.— (Continued) 


Reser- 
voir | Char- Deepest Zone 
Pres- | acter Producing Formation Tested to End of 
sure, | of 1939 
Lb. per| Oil 
Sq. In. 
Depth, Avg. Ft. 
23 mx 
be oh 2 |§ 
& | Initial as Name ne . kK & * Name ; 
5 > os o on 
5 =e £|/3|2,/] 485 |*| 8 Sm 
a h-fou a B o i=) s ss 
5 aS > ea a8 3 s5| - Sts 
3 524 2 Siete | am izs| # ae 
236 30 Various 
Boggy y 8 1,600 | 1,750 |150 
237 36 | Hutton Sil L 2,300 | 2,407 {107 
Viola Ord L y y y 
238 35 — y 3 1,830} 1,889 | 9 
ogg y y ‘ 
239 a0 fees L 2,656 |2,675 | 19 Wileox 3,062 
Upper Simpson 
240] €1,980 | 39 Hunton, Gilcrease 
Wilcox, Cromwell 
241 32 Gilcrease Pen $ 1,767 y y 
Gilcrease Pen $ y y y 
242 35 } Huston Sil L 3,876 | 4,181 {305 
Viola Ord L y y y 
243] 1,850 | 39 Cromwell Mis 8 3,021 | 3,110 89 
244 26 Uncorrelated 1,200 | 2,000 
245 27 Allen-Senora 
246 40 Hunton Sil L jy 3,884 | 3,910 | 26 
McLish Ord S| Por 4,620 | 4,633 | 13 AF 
247 29 ogy 8 1,160 | 1,169 9 
248 31 Boggy (?) 
249 31 Boggy 
250 
251 38.6 
252 38 Binger Pen S | Por y y 
253 34 Various Per, Pen 8 1,900 | 6,000 
254 22 Pen, Glenn Pen 8 1,250} 2,910 | 30 
255 500 | 31 Deese Pen 8 30 2,200 | 2,500 A 
256 30 Simpson Ord $ 7,950 | 8,037 AF | Simpson 8,105 
257 750 | 31 Deese Lower Pen S$ |28-30 45-70) A bee 5,180 
s 
258 31 Various Pen, Ord SL | Por 920 | 3,500 AF | Arbuckle x 
259 34 Various Pen S  |15-20 920 | 2,700 AF | Arbuckle < 
260 760 | 29 Deese Pen 5 30 1,890 | 4,000 40 
261 500 | 27 Deese-Dornick Hills} Pen 8 30 60 | AMDL 
262 23 Deese Pen S| Por y A 
263 300 | 20 Pontotoc Upper Pen 5 9 A 
264 24 Various 1,552 | 2,890 
265 38 Various 1,640 | 2,100 
266 34 Various _ 2,100 | 2,400 
267 23 Pontotoc-Simpson | Per, Ord SL |y y | 1,200- A-AV 
,900 
268 35 Various Per S$  |15-20} 1,700 | 2,200 15 AF 8,963 
269 41 Granite Wash Pen S| Por 30 D 
270 40 Canyon, Reworked | Cam-Ord L y y v 
Arbuckle 
271 33 Glenn Pen NS) 1,180} 1,610 | 25 
272 35 Various 1,100 
273 35 Hoxbar 2,095 | 2,101 6 
274 35 Lime L 1,091 | 1,107 16 
275 35 Sand 8 6,893 | 6,927 | 34 
276 34 $ 1,400 | 1,800 
277 30 Sand 8 800 | 1,900 
278 30 Uncorrelated 1,110 | 1,250 
279 42 Deese N] 5,578 | 5,614 36 
280 36 Various 1,700 | 2,300 
281 33 Various 1,700 | 2,300 
282 39 Various 1,600 | 2,300 
283 23 Glenn Pen 8 850 | 1,550 


— 
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Production control was generally satisfactory. The average state 
allowable, as fixed by the Corporation Commission, was 425,000 bbl. 
daily as compared with the Bureau of Mines’ average estimate of demand 
for Oklahoma crude of 455,000 bbl. daily. Production figures quoted 
above are figured on the basis of Corporation Commission reports, which 
generally are somewhat less than those reported by the Bureau of 
Mines. In any event, production was substantially less than the 
Bureau’s estimate. 

Probably the most important development with respect to conserva- 
tion in Oklahoma was the decision of the United States Supreme Court 
dismissing an attack on the constitutionality of the Oklahoma well- 
spacing law. The law was enacted in 1937 and orders have subsequently 
been issued fixing 10-acre spacing in 32 pools, 20-acre spacing in 8 pools 
and 40-acre spacing in 6 pools. 

Drilling activity increased slightly, resulting in the completion of 
1921 wells. Of these, 1097 were oil wells with a combined potential of 
408,000 bbl., 162 were gas wells initialing 688,000,000 cu. ft. and 662 were 
dry holes. Of the total completions, 190 were exploratory wells resulting 
in 30 oil discoveries, 5 gas discoveries and 155 dry holes. 

Exploratory Drilling—Wildcat effort met with meager success. 
While 30 discoveries were registered, comprising 21 new pools and 9 new 


TaBLE 1.—(Continued) 


Nae ae 
Area : uction 
Proved, Total Oil Production, Bbl. Number pada or | Methods, 
Acres ; ee . End of 
1939 
Field, Count During | End | Number 
fg ad 1939 |of 1939] of Wells 
b : To End of : £3 
5 > Oil | Gas? ° 1939 Of | During 1939 3 3 IS 
g o ee a =} Pro- epiltcat 
Zz 68 Be) 2 |-gducing] ¢ | ‘5 
2 2 Se| oF |g] Ole | E| Se 
fe 28 68/5 lz ie 
284| Milroy (deep), Stephens........- 1937 40 210,109 28,835 ew 
885| Milroy (shallow), Stephens....... 1916 y 3,148,567 98,185 6 143 143 
286] Palacine, Stephens..........---+ 1929 y 130,650 14,235 ia 7 
287] Rainola, Stephens.........---+++ 1921 y 1,120,203 44,165 : 22 22 
288| Velma, Stephens..........-+++-- 1917 y 5,543,176 280,320 30 627 627 
289| Woolsey, Stephens........--.++- 1922 y 138,476 28,105 19 19 
290| Frederick district, Tillman....... 1937 y 717,331 362,810 5 13| y y 
291| Red River Bed, Tillman......... 1920 y 2,622,841 140,160 90 90 
292| Remainder Southwestern........ 629,819 12,775 6 
293| Total Southwestern............- 512,711,915 13,959,425 6,810 
Rees i 
Washi , Nowata, Rogers, 
pa and Coe ousted, ee 2 Mee 336,088,593 6,371,805 15,813 
295| Toran OKLAHOMA.........-+++ 4,616,678,495 | 153,605,385 1,261 55,495 


7 Repressuring operations of secondary recovery type. 
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producing horizons in old pools, no new areas were proved where wide- 
spread exploitation can be expected. 

Of chief importance was the number of deep tests drilled in western 
Oklahoma, the most interesting of which, perhaps, was that by the 
Continental Oil Co. in Washita County. This well, in C NW) sec. 28, 
10 N., 20 W., was drilled to a depth of 14,582 ft., where it was abandoned 
because of inability to recover drill pipe lost in the hole. This is the 
deepest well ever drilled in Oklahoma. 

In Kingfisher County, a small gas field was found by the Anderson 
Prichard Co. in sec. 15, 18 N., 9 W. from 7330 to 7350 ft. after drilling 
to a total depth of 8507 ft. Further interest in this test has been aroused 
by the fact that the operators have decided to drill the well to the Ordovi- 
cian during the early part of 1940. 

Among the discovery wells, probably the most important was the 
Gled Oil Co. and Russell S. Tarr’s No. 1 Watkins, sec. 20, 7 N., 17 W., 
Kiowa County. Production was found in the Viola lime from 1049 to 
1055 ft. The well was completed with a flowing potential of 100 bbl. 
an hour. 

Of considerable importance to the industry in southern Oklahoma was 
the plugging back of an 8157-ft. Ordovician producer in the Milroy pool 
to the Hunton lime pay at approximately 4850 ft. The Ordovician pay 
was exhausted after the well had produced about 200,000 bbl. of oil. 


TABLE 1.—(Continued) 


Deepest Zone 
rhe ly e Producing Formation Tested to End of 
Lb. per| Oil 1939 
8q. In. 


Depth, Avg. Ft. 


a3 
B| initial (a? Name 2 Ee i Name 
3 he 2 eis = |32| 8 sé 
7, 2 7B 8 5 a g ; | a= 3 oc 
2 Boe £/ 2) oe) ee eal ¢ 6 
z-| £sF B a | 8 | BS | SE (Bal & aS] 
ih o < o | & a) Za n a 


| 


284 42 Odlitic 7,554 | 7,625 | 71 
Permian Per 340! 370 | 10 
285 26 Ee ppcateraalty zr 580 x 5 
enn Pen 
286 36 | Arbuckle-Pen pet CGS 
287 36 pith } Pen 2,000 | 2,025 | 25 
Brown {300 2,155 55 
288 26 Permian Per 350) 900 
Glenn Pen 8 1,700 | 2,300 
289 32 Permian Per 1,300 
Glenn Pen s 1,750} 1,850 |100 
Canyon L 3,08 
[Stan 5 4,215 | 4,218 3 
isco (2) 1,540/|1,700 | 19 
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After plugging back and acidizing of the Hunton limestone, the initial 
yield was 2067 bbl. Depleted wells in the near-by Fox pool, which also 
produced from the deep Ordovician pay, are likewise being plugged back 
to test the Hunton. 

The recombing of old areas in the Greater Seminole section during 
1939 resulted in considerable wildcatting. This endeavor opened several 
small producing areas. The greater part of this work was conducted 
by individual operators and small companies. 

It is expected that 1940 wildcatting in Oklahoma will continue in 
much the same trend as in 1939. Extreme southern Oklahoma and the 


northwestern part of the state are expected to be the two areas arousing 
most interest. 


TaBLe 2.—Summary of Drilling Operations in Oklahoma 


Important Wildcats Drilled in 1939 


Location 
—__________——| Total Deepest 
County Depth, Sule ae tae 
Sec. | Twp. | Rge. ae Tested 
il 6 5N| 2E Permian Simpson 
2 10 | 28N |11E 993 | Pennsylvanian Peru sand 
3 36 | 22N] 4W| 5,046 | Permian Simpson 
4 30 41 N | te 6,638 | Permian-Penn. | Simpson 
5 4 1N | 5W]_ 5,620 | Permian Pennsylvanian 
6 26 5N | 8W] 6,613 | Permian Pennsylvanian 
a 26 | 24N |] 8W| 7,110 | Permian Simpson 
8 23 8N | 2W]_ 8,008 | Permian Simpson 
9 34 | 10N] 6E 4,630 | Permian-Penn. | Simpson 
10 1 6N |10E 6,153 | Pennsylvanian | Simpson 
11 26 |18N] 4E 3,833 | Permian-Penn. | Simpson 
12 26 | 25N] 6E 2,931 | Permian-Penn. | Mississippian 
13 35 38 | 1E 8,500 | Pennsylvanian | Simpson 
14 34 | 14N/10E 3,296 | Pennsylvanian Simpson 
15 36 28 |19W| 5,141 | Quaternary Simpson 
16 20 7N|17W| 1,055 | Permian ? 
ily 12 |17N | 1W| 5,177 | Permian-Penn. | Simpson 
18 24 2S | 4W|. 8,157 | Permian Simpson 
19 10 |13N |}10B 2,685 | Pennsylvanian | Dutcher sand 
20 30 | 17N |18E 760 | Pennsylvanian | Pennsylvanian 
21 28 | 10N | 20 W| 14,582 | Permian Pennsylvanian 
22 16 5N| 3B 3,685 | Pennsylvanian | Viola Ls. 
23 29 |25N | 8W| 6,649 | Permian Simpson 
24 16 |14N | 9W] 9,611 | Permian Pennsylvanian 
25 17 9N| 2W| 7,696 | Permian Simpson 
26 24 |12N] 3H 5,504 | Permian-Penn. | Simpson 
27 28 |13N} 1E 6,058 | Permian-Penn. | Simpson 
28 30 | 19N | 2E 4,851 | Permian-Penn. | Simpson 
29 23 6N| 8H 2,675 | Pennsylvanian | Booch sand 
30 36 | 10N| 4E 4,532 | Permian-Penn. | Hunton Ls. 
oti 24 |18N] 1E 5,066 | Permian-Penn, | Simpson | 
32 15 |18N| 9W] 8,507 | Permian _ Mississippian 
33 27 5N| 4E 2,639 | Pennsylvanian | Hunton Ls. 
34 31 |10N/ 5E 4,485 | Permian-Penn. | Simpson 
35 19 6N | 5E 4,062 | Pennsylvanian | Simpson 
36 9 | 21N| 2E 4,533 | Permian-Penn, | Simpson 
37 21 |24N | 4W| 6,326 | Permian Simpson? 
38 24 6N] 1E 6,387 | Permian Simpson 
39 34 |20N | 2W|_ 5,074 | Permian Simpson 
40 5 |27N |23W|] 7,420 | Permian Mississippian 
41 4 |25N| 3W] 5,528 | Permian | Simpson 
42 3 5N]| 5E 2,668 | Pennsylvanian | Hunton 
43 al 7N |15E 7,731 | Pennsylvanian | Simpson 
44 8 4N| 9H 6,333 | Pennsylvanian | Simpson 
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W ater-flooding.—Eight permits for water-flood projects were issued by 
the Corporation Commission during the year. Seven were in the shallow 
northeastern area, which has had relatively extensive development of 
this type in the Bartlesville sand at 600 to 1000-ft. depths. The other 
was a pioneer effort in Creek County, where the application was for 
flooding the Skinner sand at about 2100 feet. 

Ramsey Field—From a standpoint of initial production, the Ramsey 
pool, sec. 13, 18 N., 1 E. and 7 and sec. 18, 18 N., 2 E., Payne County, 
took first rank with 140,000-bbl. initial from 20 successful completions. 
From the date of discovery, Jan. 12, 1938, production has been sharply 
curtailed. During 1938 the pool produced 537,000 bbl. and the current 
year’s production amounted to 1,483,000 bbl., making a total recovery of 
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Important Wildcats Drilled in 1939 


Initial Production 
per Day 
: Choke or Bean, 
Drilled by Oil, Gas, | Fractions of an Inch Remarks 
U.S. | Millions 
Bbl. | Cu. Ft. 
1 | LT.1.0. Dry hole 
2 | Charles Petr. Corp. 102 Pump Peru sand well, 947-92 
3 | Kerlyn Oil Co. Dry hole. 
4 | R. Olsen et al. 175 Flow Hunton lime well, 6004-95 
5 | Phillips Petr. Co. 1,071 Flow Deese sand well, 5578-5614 
6 | The Carter Oil Co. 13 Deese sand well, 5330-50 
7 | Champlin Ref. Co. Dry hole 
8 | Harper-Turner Dry hole 
9 | H. S. Moss 614 449" choke Cromwell sand well, 3812-20 
10 | Phillips Petr. Co. Dry hole 
11 | Mulberry Oil Co. 155 Flow Wilcox sand well, 3820-33 
12 | L.T.1.0. 10 Pump Skinner sand well, 2732-51 
13 | Pure Oil Co. 190 Pump Sycamore ls. and Woodpeck sh. well 
14 | W. M. Dunn et al. 460 Flow Pool produces from Misener and Wilcox 
15 | I.T.1.0. 150 Pump Simpson well, 5134-41 
16 | Gled Oil Co. et al. 1,600 Flow Pontotoc footwall well 
17 | Stanolind-Amerada 10 Pump Marshall Zone well, 5133 
18 | Carter Oil Co. 320 Flow Hunton Lime well, 4845-75 
19 | Hyer and Kirchner 144 Flow Dutcher sand well 
20 | Shirley et al. 35 Pump Producing zone, sand 748-60 
21 an oe Co. Dry hole 
22 | Patsy Oil C 1,000 14”’ casing choke _| Viola lime producer 
23 : nolia Petr. Co. Dry hole 
24 . Ramsey Dry hole 
25 Nels Burton et al. 125 Pump Upper Simpson producer 7484-7695 
26 | Summit Drilling Co. Dry hole 
27 | Hall & Briscoe Dry hole 
28 | Kirk-Greenway Drilling Co. Dry hole 
29 | Stanley Rogers et al. 35 Booch sand producer, 2648-70 
20 |S. D. Butcher 1,084 14" tubing choke — producer 
31 | Blackwell Oil & Gas Dry 
32 | Anderson-Prichard & Mag. 10 3 PB. tase acidized lime pay 7330-50 
33 | Grisso and Eason 50 Pump Treated Hunton pay 2476-2621, 3000 gal. 
34 | George Pace et al. 800 Flow Treated Viola pay 4374-4416, 2000 gal. 
35 | Alma 0. 230 Pump Producing from Earlsboro sand, 2890-2900 
36 | Shell Petr. Co. Dry hole 
37 | Gulf Oil Corp. Dry hole 
38 | Hall and Briscoe Dry hole 
39 | Amerada et al. Layton sand, 3980-4020 (Heald W sand 
area, 
40 | Sinclair-Prairie Dry hole 
41 | Carter Oil Co. Dry hole 
42 | Culver et al. 450 Flow Hunton lime producer, 2662-68 
43 | Phillips Petr. Co. Dry hole 
44 | Continental Oil Co. Dry hole 
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2,020,000 bbl. to the end of 1939. Oil is from the Wilcox sand at a depth 
of approximately 4800 feet. 

St. Louis Field—Contrary to the general trend, the St. Louis pool, 
Pottawatomie County, increased its yield over 1938. It produced 
11,302,000 bbl., the highest figure it has attained since its peak year, 1930, 
when 11,607,000 bbl. was produced. The St. Louis pool was the most 
actively exploited in the state during the year, there being 223 comple- 
tions, of which 185 were oil wells, averaging 300 bbl. initial, 4 were gas 
wells, averaging 5,000,000 cu. ft. initial, and 34 were dry holes. 

Cement Field—In Caddo County, southwestern Oklahoma, the 
Cement pool attracted considerable interest. Forty-four oil wells with 
an average initial of 1250 bbl., seven gas wells averaging an initial of 
11,700,000 cu. ft. and nine dry holes were completed during the year. 
Although voluntary proration of production was applied to this pool last 
October, a total of 1,835,000 bbl. was produced compared with 1,315,000 
bbl. during 1938. December production averaged 6363 bbl. daily from 
284 wells. The most prolific production of the present development 
campaign is coming from a sand designated locally as the “Rowe,” at 
a depth of 3400 feet. 

Billings Field—In the Billings pool, Noble County, three oil wells 
were completed with a combined initial of 7878 bbl. Under restricted 
production, the pool produced 2,171,000 bbl. during the year, accumu- 
lated production to the end of 1939 amounting to 6,805,000 bbl. Oil is 
from the Wilcox sand, which was discovered in November 1935 at a depth 
of 4260 ft. Development is believed to be practically completed with one 
well drilling at the close of the year. The deep sand (Wilcox) is being 
efficiently exploited under community operation embracing a pressure- 
maintenance program. 

Coyle Field.—Twenty-three oil wells with an average initial of 490 bbl. 
were completed in the Coyle pool, T. 17 N., 1 E., Payne County. This 
pool was discovered during the latter part of 1938, production coming 
from the Wilcox sand at 4850 ft. With production restricted throughout 
the year, 389,455 bbl. was produced. 

Oklahoma City Field—Only 14 oil wells with an average initial of 206 
bbl., one gas well initialing 1,200,000 cu. ft. and eight dry holes were 
completed in the Oklahoma City pool during the year. There has been 
considerable reconditioning and plugging back to shallower oil and gas 
horizons, although the various Simpson pay zones continue to yield 
practically all of the production. Rated potential of the pool dropped 
from 341,714 bbl. on Jan. 1, 1939, to 154,020 bbl. on Jan. 1, 1940, or 
55 per cent. Production under partial proration amounted to 35,700,000 
bbl., a decrease of 7.9 per cent from the previous year. With only five 
wells drilling at the close of the year, it is believed 1940 will see develop- 
ment completed and the pool producing to capacity. Discovered in 
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December 1928, total recovery to the end of 1939 amounted to 478,760,- 
000 barrels. . 
Fitts Field——Production in the Fitts pool continues to decline at a 


rapid rate. In 1937, its peak year, production amounted to 30,628,000 — 


bbl. In 1938, the pool produced 16,403,000 bbl., a decline of 46 per cent, 
and in 1939 production again declined 46 per cent; that is, to 8,868,000 
bbl. At the end of 1937, there were 892 wells producing; at the close of 
1938, there were 877 and on Dec. 31, 1939, the number was 856. Twenty- 
six oil wells were completed during the year with an average initial of 
700 bbl. The pool is fully developed and production can be expected 
to continue its downward trend but more slowly. 

Sac and Fox Field.—In this pool, centering around sec. 15 and sec. 16, 
14 N., 6 E., Lincoln County, 31 oil wells were completed with an average 
initial production of 79 bbl. Production is from the Prue sand at a depth 
of approximately 3000 ft. Total production for the year amounted to 
1,109,235 bbl., the pool’s peak year. 


=—— ey 


Oil and Gas Development in Northern and Central 
Pennsylvania during 1939 


By Artuur C. Simmons,* Memper A.I.M.E. 
(New York Meeting, February 1940) 


Ort production and activity in northern and central Pennsylvania 
was slightly less in 1939 than in the previous year, but owing to higher 
average prices 1939 was undoubtedly a better business year. The last 
quarter showed markedly increased activities throughout all of the 
Pennsylvania fields. 


PRODUCTION, STOCKS AND PRICE 


Storage of Pennsylvania crude oil at pipe lines and refineries totaled 
5,443,000 bbl. on Dec. 31, 1938, and declined during the year 1,124,000 
bbl. to a total of 4,319,000 bbl. at the end of 1939. The stocks of crude 
at the end of the year represent the lowest point reached in Pennsylvania- 
grade crude storage in recent years. Stocks increased slightly during 
April, May and June, but decreased during all other months of 1939. 

The Bradford field production within the state of Pennsylvania 
averaged 35,340 bbl. per day throughout 1939, which represents a 
decrease of 1419 bbl. a day from the 1938 average. The production in 
central and southern Pennsylvania increased 1176 bbl. per day, averag- 
ing 12,159 bbl. throughout 1939. 

Table 1 includes annual production for the part of Bradford field 
situated within the state of Pennsylvania, for central and southern 
Pennsylvania, and for the entire state of Pennsylvania. A definite 
segregation of production between the Bradford field and central and 
southern Pennsylvania is slightly ambiguous because a portion of the oil 
from the newly discovered Music Mountain pool is included statistically 
in each area. In all probability the entire increase and some small 
addition to the production from southern Pennsylvania can be attributed 
to oil produced from the Music Mountain pool. 

Within the Bradford field, six price changes occurred throughout the 
year. At the beginning of 1939 the price of Bradford crude oil was 
$1.80 per barrel, whereas by the end of the year it had risen to $2.50. 
The weighted average price for Bradford crude during 1939 was $2.059 


per barrel. . 


Summarized at meeting. Manuscript received at the office of the Institute 


April 16, 1940. : 
* Consulting Engineer, Bradford, Pa. 
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' DRILLING 


Table 1 shows the number of wells completed within the Bradford 
field for the years 1937, 1938 and 1939. Oil production in the Brad- 
ford field can be segregated into the Pennsylvania end of the Bradford 
field and the New York state portion of the Bradford field, whereas it is 
necessary in comparing well completions to include the entire Bradford 
field, which is situated in both states. Well completions decreased 
slightly ; 2114 wells were drilled in 1939 as compared with 2148 in 1938. 


Two factors contributed toward the moderate number of well comple- - 


tions: (1) the excess crude that could be produced from the Music 
Mountain pool, and (2) the excessive drilling of 1937 had not been fully 
liquidated. There was a marked increase in well completions during 
the last three months of 1939 and it would appear that the approximate 
rate of 250 wells per month, which occurred during the last quarter, would 
prevail throughout the greater part of 1940. Data on well completions 
include wells drilled as water-intake wells and oil-producing wells, and 
approximately half of the total were oil wells. 


TABLE 1.—Ouzl Production, State of Pennsylvania 


Wells Com- . : Oil P ion i i 
pl ete’, pcre eno ee Gential sad Soutie pret of Pane 
ford Field¢ ern Pennsylvania sylvania 
Year 
Change | Barrels Change Barrels | Change Barrels Change 
Total 
BO SUisre state 15,076,909 4,108,100 19,185,109 
POSS ess : 13,417,102|1,659,807 —| 4,008,923] 99,177—| 17,426,025] 1,758,984 — 
1939 12,899,104) 517,998—| 4,438,035] 429,112+)] 17,337,139 88,886 — 
Daily average: 
LOST ase.c% 41,300 11,255 52,555 
LOS Sirs 36,759 4,541 — 10,983 272 — 47,742 4,813 — 
1999). d:s0 ¢ 35,340 1,419 — 12,159 1,176+ 47,499 243 — 


@ Includes oil and water intake wells and New York State part of Bradford field. 
+’ Pennsylvania production only. 


Music Mountain Fieip 


The Music Mountain field was discovered in the fall of 1937 and 
represents a new pool with flowing wells. It is about 9 miles southwest 
of the city of Bradford and in all probability represents a shore-line 
deposit. The productive area is reasonably well defined although an 
additional extension to the southwest is still possible. It represents a 
long, narrow streak of productive formation about 314 miles long and, 
in some instances, less than 1000 ft. wide. Some few wells, representing 
the larger producers, have produced during the first few hours at a rate 
of 400 to 500 bbl. per hour. The field was severely prorated, by mutual 
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agreement of the operators, during the greater part of 1939, but during 
the last quarter the rate of production was increased and for short periods 
of time was 5000 to 6000 bbl. per day. 

The Music Mountain pool includes about 600 proven acres, and 
drilling to date has resulted in the following: dry holes, 39; gas wells, 11; 
flowing wells, 63; pumping wells, 31; total wells drilled, 144. Many of 
the dry holes were outside of the now defined productive limits of the field. 

The producing horizon is Devonian, about 250 ft. above the Third, or 
Bradford, sand. This horizon can probably be correlated with the white 
Cooper sand although locally it has been designated as the Sliver- 
ville sand. 


ORISKANY GAs PRODUCTION 


No new gas fields were opened in the Oriskany horizon in Pennsyl- 
vania during 1939, although rapid exhaustion and depletion of the old 
fields led to the drilling of a large number of unsuccessful wildcat tests. 


New DEVELOPMENTS 


Virtually all of the oil production in the Bradford area is obtained 
by water-flooding methods. In central and southern Pennsylvania 
production is obtained from natural stripper wells and by air and gas 
repressuring. About 500,000 bbl. of oil was obtained from flowing wells 
in the Music Mountain pool during 1939. 

Because of insufficient supplies of gas for fuel on intensive water- 
flood developments, there has been a decided trend toward “closed 
systems” wherein buried lead lines conduct oil and water from individual 
wells to a common gravity separator as substantial quantities of gas can 
be recovered and used as fuel. This system possesses many meritorious 
features and in some instances it has been reported that an increase in 
production was caused by eliminating evaporation at individual receiv- 
ing tanks. 

Paralleling the shortage of fuel, there has occurred a decided trend 
toward the use of individual electric pumping jacks. Many of these 
jacks are equipped with automatic time clocks, permitting wells to be 
pumped several periods during the day. 

Higher applied water pressures are gradually becoming common as it is 
demonstrable that higher pressures will yield greater ultimate recoveries. 

The usual emphasis was placed on water conditioning and treatment 
and a few installations have deen made using catalytic filters for the 
removal of iron and manganese. 

It appears probable that 1940 will see the completion of many more 
wells in the Bradford field than did 1938 or 1939. Such increased activ- 
ty will depend on economic conditions in the industry but it appears 
certain that the excess production resulting from excessive drilling in 
1937 has been thoroughly liquidated. 


Oil and Gas Developments in Southwestern Pennsylvania 
during 1939 


By Joun T. Gauey,* Junion Memper A.I.M.E. 
(New York Meeting, February 1940) 


IN all, 210 wells} were completed in southwestern Pennsylvania dur- 
ing 1939, which is 59 more than were drilled during the preceding year. 
Of this number, 137 were gas wells, which is a considerable increase from 
the 81 completed during 1938. Only 25 oil wells were completed, as 
against 28 in the previous year, and 28 dry holes, 6 more than last year. 


SHALLOW DEVELOPMENT—GAS 


The increase in the number of gas wells is largely the result of a search 
for additional gas in Armstrong and Indiana Counties. Although a 
considerable number of wells were drilled in the latter county, the majority 
of them produced less than 100 M cu. ft. initial open flow. In Armstrong 
County, a new pool was opened in Cowanshannock township, producing 
from the third Bradford sand. Several large wells were obtained there, 
one of which produced an initial of nearly 12 million cu. ft., with a 
reservoir pressure of 1100 lb. However, the productive area has been 
fairly well outlined by further drilling and shows that the pool covers 
only about 800 acres. The sand is 20 to 30 ft. thick, and probably has 
5 to 6 ft. of pay. Thus this reserve is not an important one. Several 
wells were found in Menallen township, Fayette County, where the Big 
Injun sand has been having a play for the past three years, but the 
activity there is much less than a year ago. 


OIL 


On the west side of the Bradford sand gas pool, Cowanshannock 
township, Armstrong County, a well was drilled which flowed 100 bbl. 
the first day from the Tiona sand. The probability is that this well is a 
freak, as the Tiona has been drilled within a fairly close distance on every 


Summarized at meeting; manuscript received at the office of the Institute 
April 17, 1940. 

* Oil and Gas Operator, Pittsburgh, Pa. 

} This figure includes both drilling and deepening of wells in the counties of 
Allegheny, Armstrong, Beaver, Butler, Greene, Washington, and parts of Fayette 
and Indiana. 
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side and has showed no oil. This occurrence, however, is notable in 
view of the fact that it is approximately 20 miles east of the area in which 
oil ordinarily is found. There was no other new oil productive area 
found during 1939. The 25 productive wells drilled in proven areas 
resulted in total initial production of 241 bbl., which is 36 bbl. more 
than was developed by 28 wells during 1938. 

At the beginning of 1939, southwestern Pennsylvania crude was 
selling for only $1.34 per barrel. Seven increases occurred during the 
year, which resulted in a price of $2.40 per barrel by the end of the year. 
With the increase in price, drilling activity increased, as more than 
60 per cent of the wells completed were drilled during the last six months 
of the year. 


TaBLeE 1.—Ouzl Production Data for Southwestern Pennsylvania during 
19382 


Wells Con- | Wells Con- | Wells Dis- | Wells Con- 


County Production, Bbl. | nected as of nected connected | nected as of 
Dec. 31, 1937| during 1938 | during 1938 |Dec. 31, 1938 

Allegheny........... 254,613.56 1,299 18 66 1,251 
ATMStIONG sas 6 ot =. 21,270.39 251 1 3 249 
BEAVER. {ene hi ek 3 37,695.13 609 4 37 576 
IB UGISE eee tea seit aig 446,833 .64 5,133 59 170 5,022 
GRTECIIC vsuser.c Turtstesie s 242,266.45 742 10 15 737 
Lawrence... .+.. e--< 12,089.68 541 2 7 536 
Washington......... 432,978.49 1,699 5 34 1,670 
Westmoreland...... 86.81 

1,447,833 .95 10,274 99 332 10,041 


¢ Commonwealth of Pennsylvania, Department of Internal Affairs, Monthly 
Bulletin (1940) 8, No. 4, 30. 


DEEP-SAND DEVELOPMENT 


While deep-sand drilling activity was receding with only five wells 
completed to the Onondaga, or Oriskany (L. Dev.) there were three 
important developments. ‘The Heyn No. 1 well, on the Chestnut Ridge 
anticline, South Union township, Fayette County, was deepened 20 ft. 
into the Onondaga to a total depth of 6687 ft., and production increased 
from 1.25 to 6.9 million cu. ft. The Oriskany sand has not been reached 
in that well. On the west flank of the Chestnut Ridge anticline, the 
recently completed Piedmont Coal No. 1 well, although 233 ft. structur- 
ally lower than the Heyn No. 1 well, has found over 4 million cu. ft. in 
the Onondaga, and demonstrated the fact that this horizon will produce 
well down on the flanks of the structure. The Lowry Martin No. 1 
well, Wayne township, Armstrong County, -proved dry after being 
drilled to a depth of 6889 ft., or 318 ft. below the top of the Onondaga, 
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and finding only 2 ft. of sand. This well aids in defining the southern 
boundary of the Oriskany “No Sand area” of northern Pennsylvania. 

Two wells are drilling to the Onondaga in Fayette County: namely, 
the J. H. Sorg No. 2, on the Chestnut Ridge anticline, and the Gregg L. 
Neel No. 1, on the Laurel Hill anticline, in Stewart township. The 
latter well is being watched with considerable interest, as it will be the 
southeasternmost well in southwestern Pennsylvania to penetrate 
the Onondaga. 

In the Black Hawk pool, South Beaver township, Beaver County, 
the James Tennis Heirs No. 1 well, which has produced gas from the 
Oriskany for several years, is being prepared to be deepened to the Medina 
sand. This well is the first to test the Lockport dolomite and Clinton 
_(Sil.) on proven Oriskany structure in southwestern Pennsylvania. 


TasLE 2.—Deep Drilling in Southwestern Pennsylvania during 1939 


Depth, Ft. 
Eleva- 
County Township Well tion, Remarks 
Ft. Tully ol Oriskany | Total 
Armstrong....| Wayne Martin No. 1 1,585 | 6,120-6,193 | 6,558¢ | 6,681-6,683 | 6,889 | Oriskany sand poor. 
6,571 Abandoned 
Beaver....... Rochester | Linnenbrink No.| 889) 4,777-4,806 | 4,978¢ | 5,143-5,179 | 5,295|S.W.4 Abandoned 
x 
Butler. ....... Concord | Fowler No. 1 1,236 | 5,084-5,154 | 5,341¢ | 5,448-5,458 | 5,549| Dry. Abandoned 
Fayette...... N. Union | Piedmont Coal & | 2,178 | 6,060-6,190 | 6,692%.< 6,800 | 4 million cu. ft. 
Coke No, 1 
Fayette...... Spring Hill) Dunham No, 1 2,199 |. 6,627-6,705 | 7,508¢ | 7,698-7,771 | 7,826|Show gas at 7609. 
Abandoned 
Fayette...... N. Union | Sorg No. 2 Shut down 2400 
Fayette...... Stewart | Neel No. 1 2,566 Drilling 6533. No 
Tully 
2 Top of lime. ¢ Producing horizon. 
6 Top of chert. 4 Salt water. 


Gas PockEets 


Highly explosive gas pockets, which apparently are of high pressure 


and small volume, have offered a serious impediment to drilling the zone 
extending from a short distance above the Tully limestone to the Onon- 
daga limestone throughout the area with the exception of the Chestnut 
Ridge and Laurel Hill anticlines. Tools have been blown up the hole 
as high as 500 ft. and wedged so tightly that it has been impossible to 
extricate them without cutting the line and fishing them out. On a 
number of occasions it has been necessary to drill past the stuck tools 
before they could be recovered. One of the early wells to encounter 
difficulty with gas pockets was the Charlotte R. Calvin No. 1, South 
Beaver township, Beaver County. This was the first well to produce 
Oriskany gas commercially in southwestern Pennsylvania. When this 
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well was drilled into the Oriskany sand nearly 1 million cu. ft. of gas was 
encountered, together with 4 bbl. of saturated brine per day. The 
production string had not been set and the caving gas-pocket zone had 
not been thoroughly cemented. When the production string was ready 
to be run nearly 2000 ft. of Oriskany brine was being agitated by the 
gas in the hole, and it was found that practically no caving had resulted. 
It had also been observed in the Clinton fields of Ohio that a shale 
immediately above the “Little Lime” which ordinarily caved badly 
would stand up when brine rather than fresh water was employed as 
drilling fluid. 

Thus at the time the James Tennis Hrs. No. 1 was drilled the experi- 
ment of carrying a column of Oriskany brine in the hole in order to lessen 
the explosive effect of the gas pockets was attempted. The brine used 
was taken from the Charlotte R. Calvin No. 1 well. This experiment 
proved a success and was described in TRANSACTIONS in 1937. 

Since that time improvements have been made in the technique 
employed. A column of only 200 ft. of brine is dumped into the hole a 
short distance above the Tully limestone and drilling is carried on with 
stem of the same size used in drilling to this point, and with an ordinary 
bit rather than one of enlarged water course, which was used in the 
original experiment. After each run one bailer of the brine, which has 
become muddy, is removed and one bailer of fresh brine is added. Once 
each 24 hr. the brine is completely removed and a fresh solution is put 
in. It is recommended that when drilling to the Onondaga at depths 
in excess of 6000 ft. a column of 300 ft. or more be carried in the hole. 
It has been possible by this method to make an average of 50 ft. of new 
hole every 24 hr. through the caving gas-pocket zone. When a gas 
pocket is encountered the gas escapes through the column of brine 
slowly, from 5 to 15 ft. of cavings fall into the hole, and ordinarily are 
drilled up without pulling the tools. Consequently, on wells where this 
method has been employed, no difficulty has been experienced with gas 
- pockets and there has been no loss of time caused by fishing jobs. 


OUTLOOK 


The search for gas in the Onondaga limestone on Chestnut Ridge 
and Laurel Hill should continue, as there is a major reserve indicated on 
the former and possibility of discovery of a major reserve seems promising 
on the latter. Completion costs on the Chestnut Ridge wells have been 
cut considerably, so that some profit should be made providing too many 
dry holes are not drilled. 

While the search for Oriskany production has yielded only one small 
pool and indications of a second in southwestern Pennsylvania, the 
picture is not discouraging, for only two of the dry holes drilled were 
favorably located on structures suitable for Oriskany production. One 
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of these wells had only 2 ft. of poor sand and the other may possibly have 
penetrated the Oriskany on the downthrown side of a fault, as the core 
showed the sand to be highly metamorphosed. Since the Oriskany 
‘‘No Sand area” of northern Pennsylvania probably covers only a por- 
tion of northwestern Indiana and northeastern Armstrong Counties, and 
all other wells drilled in southwestern Pennsylvania have shown a con- 
siderable sand thickness, the possibilities have scarcely been touched, as 
there are a number of structures that seem favorable for accumulation. 
However, exploration of these Oriskany possibilities will no doubt be 
slow in coming about for although the shallow gas reserves in south- 
western Pennsylvania are deficient gas can be imported at a cost low 
enough to keep the price down below the point at which profit can be 
made from deep-sand development. Thus the primary requisite for deep- 
sand exploration is a higher price for gas. Of equal import is a form of 
unit operation agreement between the owners of the various leaseholds, 


in order to confine drilling to the minimum number of wells that will | 


effect the maximum recovery. ‘This is necessary not only in view of the 
great depth that must be attained in order to reach the Oriskany, but 
also in view of the fact that probably most of the structures favorable 
to Oriskany accumulation are faulted and should have as many as three 
wells in order to be condemned. 


Oil and Gas Development in the Rocky Mountain District 
in 1939 


By C. E. SHomnrevt,* Memper A.I.M.E. 
(New York Meeting, February 1940) 


Tue year 1939 witnessed the rapid development of several of the more 
important Rocky Mountain oil and gas areas and the discovery of new 
oil and gas fields. As a further result of an active year, many oil fields 
had their productive limits greatly extended or responded to deeper drill- 
ing with oil production in lower horizons. 

In Colorado there was a substantial increase in refinery capacity, with 
three new units constructed. Its contribution to the crude-oil supply 
was an important extension of the producing area of a Western Slope 
field and a deeper oil-producing horizon in an old field east of the Front 
Range. Occurrences of gas were reported in two wells in northwestern 
Colorado, but severe winter weather prevented tests and the value of 
these discoveries cannot be determined at this time. 

Montana’s northern fields were extended and a number of record wells 
were completed. The North Cut Bank area gives promise of wide 
expansion in 1940. The gas-producing area of Wyoming’s Elk Basin field 
was extended into Montana on the north plunge of the anticline. 

The most important developments in Wyoming oil fields in 1939 
were extensions to the producing area of Lance Creek and the discovery of 
a deeper pay in the Tensleep formation at Wertz dome. A new gas field 
at Horn Valley in the south central part of the state was the only new field 
discovered, but wildcatting was at low ebb in Wyoming in 1939. 


CoLORADO 


In Colorado, the year 1939 saw the completion of several interesting 
tests, but largely with negative results. Oil was discovered, however, in 
a deeper sand in the old Fort Collins field and the productive area of the 
Wilson Creek field was extended. Gas had been noted in two Western 
Slope wells, at Yellowjacket-Buford and at Trull, but their volumes had 
not been determined at the end of the year. Of principal interest, how- 
ever, were the failures, descriptions of which will be given presently. One 
of these established a new depth record for Colorado. 


Summarized at meeting; manuscript received at the office of the Institute 
April 25, 1940. 
* Geologist, Petroleum Information, Inc., Denver, Colorado. 
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TaBLE 1.—Oil and Gas Production in Rocky Mountain District 


a ee eae ee See TOT EEE a |S 
Area Proved, Acres} Total Oil Production, Bbl. 
Year 
Field, County oo, 
covery ; 
& . b To End of During 
q a fey a 1939 1939 
a 
a 
& 
COLORADO 
1 Berthoud, Lartmen.n. 5. tosis. 04's ae shots sule/ te del pee eee 1927 510 54,182 3,840 
2 Boulder, Boulder sitive: oc ovis Sipe hee ones 1902 400 645,379 6,317 
Sc Blorenoe; Mrement c. aa.cfs fe aswisiena ss Fines ovas antenna ata 1862 9,000 13,513,428 57,770 
46 Ft; Collins; Larimer ics cuca eta ee fee eee eae 1923 400 2,130,417 40,178 
B | Garcia; Das Anime’ soc con is oct a fale vote sa aes eee 1927 640 
6:'Greasewood Welds. xquteu son au. denen aan nn thaleretac teen a 1930 200 454,833 6,505 
7} Hamilton: Moffat. vin su farce. wo = torte coe eh eae a ieee 1924 400 5,562,678 112,456 
$1 Miawatha, Moffat. ...<s.0.ctets adee is acto ena eeneaas 1928 3,180 
Quiles, Magar neers csced ot ch ay eae eet cece OME tine 1924 600 7,937,641 736,524 
10)| Model) Las: Animas. casccnsies eartiae vaecres ase dene cee 1929 4,380 
114|'Rahgely Rio Blanco oS Foran canoe eee cts ob oie asses 1919 320 523,258 34,613 
AZ Thornburg, 10 Blancos ctnceactecencathe cemented eats 1925 350 
13: [SLow Cracks LeOull c8 ese nen). ee ace treneieees oe 1924 200 1,637,605 52,903 
14.) Wald6n,. Jackson sc cen.,cs aot. cca rataseaea ewe ase 1927 320 156,886! 0 
15:|' Wellington; \Lartuter:#.. somns seueneten teas eecn oe a wee 1924 1,000 4,778,081 75,234 
16° || Price Archuleta... |. suscrwocsmereeore dente eae eae 1934 200 554,537 217,344 
17. Wilson 'Creek,, Rio. Blancos, .)0sdcne scans ivcesiarb ee sce 1938 320 179,655 129,506 
WYOMING 
Li PAlKall. Buttes Premont 25 amt tae dareiey wteeltctow atstayeceers 1928 40 300 5,670 0 
2} Allon Lake, Carbone.ccscccatesin teeta ihe socte Aianaetess 1933 200 
Si HAnt Elis, Moura... taa. erate or othe eee a ee 1928 40 8,719 
Badger BASIN, PGR cts ake ceri Cree eae octet 1931 300 483,201 9,120 
5 | Baxter Basin (South), Sweetwater....... 2.0 ..0..00. 0000005 
6 PORUOE. vache ouaueigu et. duen wea men Cet cece ee 1922 7,467 
w Ci Or MCA Trea: OC ALT eee CE einer 1922 4,310 
8 | Baxter Basin (North), Sweetwater................2..0e0005 
9 OUT isd 5 Hot rale sn Giea ata May alee ke BANAT Ake 1926 1,280 
10 Binidance. 7. nce senate One eS ee ce 1928 2,280 
Jt] Beaver Creeks Frémont sncns,mrce san oe. iiee aoe aaa a 1937 640 
12.) Big Muddy, Convereé re. . cones cee ents akia re esloce vcnw 1915 26,163,187 453,870 
13 Bhannoncy. 7.1 t. cea acts cet eeinas ao seater 1916 2,000 
14 Wall'Gregk Aci on ta ate ameereticinaie aerten hile Pa 1916 
15 DSKOGA §5.cs Sonar rea eaten arian es ite aetna 1922 
16\|, Big Band ‘Draw, Fremont. sisi. cca dace akaedie oe chee 
17 TV ANMO RGGI sdk curt eth ot Gee a: ain otc ay een at 1917 1,200 
18 Takotal.®, Woot eects hate eee nee ah es 1930 300 
LOH Bile Credle’ JOANSON su esglavecitss iehacnul Redterc vent cae 1921 1,200 
20 | Black Mountain, Hot Springs.........0.00000 0000s cece eee 1925 300 300 235,654 0 
21) Bolton Crooks iN atrona ois csiotjectru.c, seis Sue oe meted ciate 1920 2,710 0 
22 Bundanoon ta aire weet en os seen wales 1920 50 
23 BUN DET sheet eta da cad metucnn ee metaaeice ameents 1920 50 
BA Boone Domne, NGWond, acc. cadena ds oa onion cuicde ames 1920 300 
25) | Bunker: Hil Carbottn« gus dana sie, ek ee een 1936 480 
26;] ByTOw POMe) Dig Horncacsnee nc kek Sonics Se e.cchh erase 1906 3,851,596 543,109 
27 Brontier tuvita tig wetweho aa Bitar erick el nes 1922 500 
28 PNdAncermn ck ee oheey te ey Meltntess ates Piet Mie ee ete 1929 40 
29 Babar Tengledp 5s. cchkinae cath mhecdarataeh ot mare aida 1932 2,950 
80\| Cole, Creek Natronas,.c2. 0. actects conects Cama meee 1937 x 47,962 24,801 
OL: Dallas-Derby,. Fnemonti.cote vente soca ohne umn’ demon 1883 350 2,777,487 172,339 
82; Dewey Domne, Westone a comiaannscst cc ade Rha eos 1936 40 9, 2,090 


+ CO 


» Footnotes to column heads and explanation of symbols are given on page 239. 


1 Wells produce large quantities of GO: gas with the oil—shut in. 
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Total Gas Produc- NumberorOiltand/orlGas Oil-production | Reservoir Pres- 
tion, Millions Cu. Ft. Wells /or Gas | Methods End sure, Lb. per Character of Oil 
of 1939 Sq. In. 
Ss 
8 
During Number of b= 
z 1939 End of 1939 Wells z 
& | ToEnd | During | = be ~ || API. at 60°F., 
g of 1939 1939 Bo 3 zg FE 3 mo | be LS | cl Weighted Average | + 
Z Sale| sisSis te a5 38 2B |B u8 
¢ ae |S/E/Ss/2.\3y/ € |g-| 3 | 32 le Zo 
iE Bo |e gisa|se(ee| & | 2S) 2 | eS |s Bs 
a O° (S/S la@|a° |e me |< As 4° |e am 
CoLORADO 
1 6,257 510 6 veal 
2 55 11 3 gl aty 33.6 O02 
3 1,205] 2 Dale 107, 109 31> ol 
4 16} 1 8 7 S7amalOnt 
5| 6,528 821 16 6 12 3 ; 
6 8 1 1 42 {0.1 
7 23 12 12 41 0.1 
8} 161,337 | 19,190 14) 3 10 |fees 
9 40| 1 35 33 S7eiOnt 
10 645 02 8 12] Shut in 
11 74| 14] 8] 1 8 8 43 10.1 
12 1,658 890 4 1 3 725 y 
13 17 15 5 35 «(0.1 
14 5 50 (0.1 
15 32 11 11 37.4 |0.1 
16 20 9 10 40 |0.1 
17 2} 1 1 2 2 46 10.1 
WYOMING 
1 3} 0] 0] 0 Oly 838i, 0 0 y y 37 
2 825.8 6.8| 7] 0| O| 0 0) 4\) 0 0| 920) 450 
3 3 Ol) 1.0 ol. 0| 60 0 0 0 35 
4 5} 1] Oo] 1 Bee Ol a 0 y y 48 
5 4,260 26| 2) 0] 0 0| 25 0 
6 800 
t 23,912 815 
8 1,509 sl" silt Sey, 0 G| 6/5 <0 1 
9 1,335 
10 1,485 
11 0- 0 1} 0| 0} 0 Viet. 80 0} 2,500] 2,500 
2 174| 0] 0| 0} 149} Oo] 0 149 0 33.5, 
1 
14 
15 
16| 54,695 4,000 12] 1] 0| 0 Giese) 0 
17 1,300 680 
18 1,860 0 
19| 3,014 310 10} 1] 0 0; 9 1,150} 400 
20 6} 0] 0] 0 6) 0] 0 6 z z 19 
21 14| 0] 0} 0 SiO 0 3 z z 22 
22 
23 
24 4,072 0 4; 0} 0} 0 0) 2 750 180 
25 89.2 89.2} 5/ 0] 0] 0 Olea Zin 0 0} 500} 500 
26 19/0) ele O 155 2h) 0 15 20 
2 1,000} 350 
28 z FE 
29 a c 
30 2 OL 0 1 0 1 0 0 0 32.7 
Dallas 23.2 
31 rea OE Ua 42| 0 0 42 x x Derby 22.3 
32 4| o| 1] 0 flee 10 1 z z 31 


2 Tnert: contains 7.9 per cent helium. 
3 Operates under 19 points vacuum. 
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Producing Formation 


Deepest Zone Tested 
to End of 1939 


peer 


| Depth, Avg. Ft. 


| 


| 
(ane 
| 


g Name bad ee i Bens Name = 
5 8) b | EL | g& ee] & sig 
2 > |£| 2 | 62 | az ee 3 a3 
3 2 5 & |em | a les] 2 as 
COLORADO 
} 
1| Hygi CreU 8 20 2,920 2,940 20; A Lakota (CreL) 4,031 
2 Piece CreU H 2,000 MF | Morrison (Jur) 3,497 
3 | Pierre CreU H 2,200 TS | Fountain (Pen) 1,875 
; a fd lon ay . 12 — 4,560 25 z ae (a0) —y 
en! re 4 ‘ountain (Pen. fi 
6 Muddy CreU 8 9 35} A | Morrison (Jur) 7,040 
7 Dakota CreU 8 18 3,860|3,880 
Sundance Jur 8 14 D_| Sundance (Jur 4,480 
8 | Wasatch Eoe 8 y Sand lenses z) D Mesa Verde (CreU) | 7,577 
9 | Sundance Jur 8 9 3,295 3,315 20} D_ | Sundance (Jur) 3,447 
10 | Santa Rosa(?) Tri S 19 960/1, 50} D_ | Fountain (Pen) 2,010 
11 | § Mancos H A | Mississippian 7,173 
Dakota CreU 8 15 35 
12 | Sundance Jur 8 15 { 3805 3080 500| D_ | Sundance (Jur) 3,110 
13 | Mancos CreU H 2,600 A_ | Gneiss! 5,310 
14 | Muddy-Dakota CreU 8 14 5,110|5,215 90| AF | Morrison (Jur) 5,258 
15 | Muddy-Dakota CreU 8 12 4,480/4,500 20| A | Sundance (Jur) 4,992 
16 | Dakota CreU ) y 1,120}1,140 A | Dakota (?) 
17 | Morrison Jur 8 6,664|6,704 40| D_ | Sundance (Jur) 6,898 
WYOMING 
1| Morrison Jur N) Por 4,570|4,600 30| A _ | Chugwater 5,460 
2 | Sundance Jur 8 Por 2,100)2,175 40| A | Chugwater 4,083 
3 | Dakota CreU 8 Por 3,951|3,957 6} A | Lakota 4,257 
: Frontier CreU 8 Por 8,250|8,500 49} A 
6 | Frontier CreU 8 Por 2,200/2,400 16) AF 
7| Dakota CreU S | Por | 3'003'500 | so} Ar} | Nueget aces 
9 | Dakota CreU 8 Por 2,950/3,100 20} AF 
10 | Sundance Jur S | Por | 3,350\3:400 | 15 Ar} Chugwater 4,200 
a Lakota CreU 8 Por 8,244|8,288 44| A | Sundance 8,920 
13 | Shannon CreU 8 Por 1,200} 1,250 65) A 
14 | Wall Creek CreU 8 Por 3,260/3,400 100} A Madison 6,597 
- Dakota CreU 8 Por 4,600/4,700 15} A 
17 | Wall Creek CreU 8 Por 2,300/2,800 150} A 
18 | Lakota CreL S | Por | 43001350 | 40| a } | Sundance 5,345 
19 | Wall Creek CreU SH Por 3,200|3,250 30} <A | Big Horn lime 7,775 
| Embar-Tensleep Per, Pen} LS |CavPor| 2,900|3,350 135} A Madison 1832 
22 | Sundance Jur 8 Por 1,015)1,120 10} AF 
23 | Embar Per L | Cav | 21025|2'050 | 15 art Amsden 2,867 
24 | Shannon CreU 8 Por 2,150|2,200 70| A | Niobrara 5,200 
4 Shannon CreU 8 Por 1,224)1,480 | 250} A _ | Sundance 6,791 
27 | Frontier CreU 8 Por 2,400 2,500 30) A 
28 | Sundance Jur 8 Por 4,205 4,209 at Amsden 6,700 
29 | Embar-Tensleep Per, Pen} LS |CavPor|  5,300,5,700 130} A 
30 | Lakota eL $ Por 8,019 A | Sundance 8,707 
31 | Embar-Tensleep Per, Pen} LS | Cav Por 700/1,200 150} A ! Tensleep 1,400 
32 | Leo Sand en S | Por | 2,2942349 | 40| H | Minnelusa 2,505 


ie 


AS 


PRR NS 


-. 
q 
. 
a 
C8 
o 
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Area Proved, Acres 


Total Oil Production, Bbl. 


en 

; 0 

Field, County Dis 
5 covery To Had ot Fons 

Hl b o End o uring 

g ci Ged 1939 1939 
Zz 
oO 
q 
a 
BoP Oubtons Creel Carbo. s...c-anken mcaneelens pees anoeee 249,508 13,970 
34 DANONE. <A e ae MR RL Eolas cob bin asele nds 1926 800 
35 IMATE hie icy S29 8 NN On See EN 8 See eee 1926 150 
36 | East Allen Take, Carbon rere tok se on ewig eee Maen 1936 410 
37 | Hast Lance Creek, Niobrara.............-.0.000005 rene ae 1918 400 150 
Bo wight Mile Lake, (Carlo, eele.cack. tates os occ otis dos ahens 1923 250 
SUMMED BEL RANK, Say usita t Searete, aia aro leet ose Oho 1915 10,971,926 204,483 
40 ND teayn oe ete Ome Bwmed nO Ree eiery «Sea oh Payee Rese 580 
41 DARDS, erence Kh ae chen ae Ah cet aici te 1,200 
AZTECS KOHCCK, ALOU SDFG nitomisi tte <ladiclehs ein dicleoe sa elie 1923 
43 Ferris, Car bats, cit we he eM Ne cans ches Gh tieeks 1918 200 200 467,263 0 
44 | Ferris (West), Carbon. 0 
45 Dak otaes ec sek aso cle one tle aes ich oie alors Ales cidae Oe 3,100 
46 Sundancer) acid. era een ca huaits oda sah, 3,500 
iF  MUE OUT DOME MET Is civtercinsies < olsyRRVeR Gre Siece ie aisle ny eerie cae a 6 1928 500 
SYNE PL VETN ESI E EET Pewsghta es olas01 980 /o)l scalar’ ahotaid osx oheteteleateis = fastt'e wVeie ane 1928 3,219,077 534,563 
49 heres Sat Neer ieleichee tears cictoee cle dibts an tae Ms aldera ses 500 
50 DV aadigotnesy cele ateieiy fice claws cinaaes isan state yaya a bela ate 10 
51 | Garland, Big Orne PGNk co. heretics eee 15, pete selon s 1930 2,873,062 851,820 
52 frontier sigan hee 5 ct a Oe koe ae ethan ras 40 1,000 
53 1,200 
54 160 1,650 
55 Madiso: 2,000 500 
56 | Golden Bale. ob SPrOrgeNtnia.s stasis eros asleep tee bina sale 1919 120 
STA MOOBCDEILY vi GN hi<te cis aicsia1 a aislorays air! ole Sfelalora,afrllayoiets ene! Sele'\s 1936 500 
DS)| | Grass Credk, lat Sprange. ..<sc\ecn os =2s olelelecise ois Flaw e veces 1914 27,809,454 814,989 
59 Fr OTMGIGE ees otats sia ste es re etstss oi lntes oe icfeoleedkap eleinlctes olen aie\ale 1,400 
60 IBMDAr=LSNSESP: a Hane ceeioaleteinswis ovis o cte tsa sre. g 80th 2,000 
Blarney PUL iy OF e santos Peis area fork s.helstelels she spree steae 640 160 346,730 0 
GCoMeLtamat CON GLO SPINE pic «ciercioe cs sa/sehieles b1a'0 <ioinjtlatete oo ais 2,000 5,056,079 188,433 
Gsieadden Dome; Washakt: . ssireiere «cies «sles eincle tateiea ne oie. 50 640 282,335 25,908 
GE MIODEOLEGE NV GE ONG « o51.<.ctele fisisis Meteo s a sisters ois pis elaine clears 80 80 14,050 4,003 
65 | La Barge, Lincoln-Sublette 950 5,833,699 332,055 
66 | Lake Creek, Hot Springs... 100 
67 | Lance Creek, Niobrara... . 22,669,864 692,331 
68 Dakotasias.cteaick beta 1,000 3,500 
69 SUDAN Ceys dtc sick cbise eres 1,700 
70 WMMinneliisas..<ac% ones ce es Sa otel> elie cue extn aNistre oats 15,000 
(ia bander (Hudson), Frentont..< chewiein vs .0iale\sleplow mie er aelnje ale oie 1914 340 2,033,738 86,451 
72 | Little Buffalo Basin, Park...... PEN ol OO To 2 ote tes are Rete 1914 4,800 
73 | Little Grass Creek, Hot Springs............00-000e0sseees 300 
74 | Little Pole Cat, ‘Pian oe 0) OE Soe tah 1918 500 
TON LOSb SOlLGIOL, SWECLOLEN so «0141 0.5.esics le wsroeleeists oe size aie’ cre e.s 1915 19,774,751 692,331 
76 TRONIGS: ic nat Bos ti ade soe ee ceicdpoancnr: aonamen 160 0 
77 Dakota-Lakota 450 0 
78 BUMGANCa eh nas heen. same ic cattle si seelte es cisisleaaick 160 0 
79 EDONSIGEP) stig ahetisate eictesstersicte hel vis ieic) vad ele icyuile loti oir estas 160 0 \ 
80 | Mahoney Deen, Carbon 1930 135,408 108,986 
81 Pe A Og ae cir ck ete IS ag ices Te Cae 0 1,400 
82 BUuNGANCes «6,60 a5.000-cste bein tines 0 1,660 
83 Senstoapines c.. ee\oyanres aes Mla eCho sve tieicislatnsnsbeiahclw s/ajo\e'«/s 250 0 
84 | Maverick Springs, Fremont.........:0-.0000seeeeeeeneeee 1,400 
85} Medicine Bow, Carbon... icc joccctcee ssc cs cee eeedecnneee 1935 800 320 3,270,351 606,240 
RIUUNL ICRA Vas NGUONGN Steers seiniays Ssiaione.slsih ciaters eae sleds nisisledeiers 1930 200 0 175,163 3,790 
87 | Mule Creek (Hast), Nibrara.......6...s.eseseeecen enone 
88 ee Pete ae ein acetate oN Stach heiwiae arevaietenayaysin aa . 
89 Imbel Usa eoene ein arate cise le cca aleisveeleVe le sis wieteieis 624 
00 | Mule Creek Cianth AN iabeatabata eae bog tek tk DUGE ORE ai 
91 Ota=DakObasenase.-sobprs 8s os teeioinets ae 170 0 
92 tai CU eon es A iat RE ee pe eee Dee ena 400 0 
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Total Gas Produc. | Number of Oil and/or Gas erode tet gosto igo Character of Oil 
tion, Millions Cu. Ft. Wel's of 1939 Sq. In. 
% 
< oe Ss 
During Number o! os 
zZ 1939 End of 1939 Wells 7 
5 & 
& | ToEnd | During | = >s y we) A.P.I. at 60°F e., 
2 of 1939 1939 8 3 z re so | be nF a 3 Weighted Average 2 
[=7] ra AI A] wo s — 
Z 22/2/2(22/5. (85 F |2e| 3 | 22 [6 zo 
g oe Al 33 pS | 3 pu. =e 
3 SeS|Z\SZ/EOlES| = | EA] = | 22 |e am 
33 8} 0] 0] 0 3/°-3| 0 3 33.6 
34 440| 295 
35 
36 | (Included with Allen 2; oO} O| O oj} 2 1,050} 1,000 
Lake) 
37 3] 0] 0| 0 li aeons 1 y y 
38| 4,934.4 64.4,  4| | 0| 0 pe ale tact 0| 1,724) 600 
39 1,609.8 158} 0} o| o| 142} 7] 0 142 43 
40 
41 925) 498 
42 3] o| o| o Ole At ano 0| 750| 730 
43 25, o| o| o| 25/ Oo} oO 8| 1,020 y 36.3 
44 13| 0] 0} 0 o| 13| 0 0 
45| 8,040 0 1,000} 168 
46| 16,692 y 1,140| 168 
47 1| 0} o| o 1120 1 0 0 Tensleep 15 
48 16} 1] of of 14| of 1 13 eee src 
49 
50 
51 79] 4| of o| 16) 9| 2 15 22 
52 = = 
53 745| 145 
54 1,470| 1,260 
55 1,600} 1,260 
56 3} 0] o| o 1,175} Exh. 
57 3] 0] 0] 0 fee OKO) 1 As 
58 331] 0| o| o| 331] 0| o | 331 { teapahene $a 
59 
60 
61 14] 0] 0] 0 Si sole LO 3 z| Exh 44.3 
62 36) 1] 0} o| 34] o| 0 34 porate 
63 30| of o| o} 15] 6| o 15) 725) Exh 40 
64 5] 0) 0] 0 1} o| 0 1} 200] Exh 32 
65 125| 9] 1] 1] 104) 0} 0 95 32 
66 3] 0| O| 0 eNO lve 0 26 
67 225| 51] 1| 0 | 138| 12) 103 43.6 
68 910 y 
69 1,600 y 
70 2/000 y 
71 36] 0} O| o| 11 0 u 23.3 
72| 19,168.5| 1,797.5] 13] 3] 0| 0 0) 1 690) 393 
73 2) 6}. 0) 0 Oo}. 2 1,140) 400 
74| 1,026.1] 113.1) 1) oO} o| o o| 1 1,375] 1,090 : 
7 125] 8| 0| 2] 64] 10] oO 61 { ao : ‘ 
76 : 
77 
78 
79 
80| 57,726 540 17| 2] 0| 0 4) 9 2 32 
81 1,060) 150 
82 1,170| 168 
83 
84 32] 0] o| o| 32] of oOo 32 
85| 4,938 y 14) 0| 1| 0} 10] 2] 10 1,900] 1,700 56.9 
86 3] 0] oO} oO 3| 0 3 32.5 
87 38} 0] o| Oo} 38) o| oOo 38 
88 
89 
90 46, 1] o| O| 22) of o 22 32 
9 
92 
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Brodneiue Foemati Deepest Zone Tested 
roducing Formation to End of 1939 
Depth, Avg. Ft. 
q Name = : ce i bs Namie : 
z 2/22.) 85 Bel g 3B 
2 % | 8 | ef | Se Rel Bz 3 
En a6 |e es at =|" 2 ae 
: 
Shannon CreU iS} Por 1,600} 1,700 40) A 
35 | Muddy CreU S | Por | 4850/4900 | 30| A } Sundance 5,448 
36 | Sundance Jur 8 Por 2,000 2,088 48| A | Sundance 2,180 
37 | Dakota CreU 8 Por 3,808]4,008 95) A Madison 6,434 
e Dakota CreU S) Por 3,400/3,500 50 A Chugwater 4,560 
40 | Frontier CreU § Por 1,000}1,200 40| AF . 
41 | Dakota CreU Ss Por 2,400|2,500 55 art Morrison 3,223 
42 | Frontier CreU 8 Por 2,600) 2,850 40| A Dakota 3,992 
. Mowry-Dakota CreU Ny Por 1,600]1,650 26 A: Embar 4,600 
45 | Dakota CreU s Por 2,200/2,300 30| A 
46 | Sundance Jur S Por 2;600/2'700 | 110; A \ Tensleep 4,690 
47 | Tensleep Pen s Por 3,270|3,350 60} A | Tensleep 3,350 
: 
Tensleep Pen 8 Por 2,770|3,530 100} AF . 
= Madison Mis L Cay 3,012|3,013 1 art Madison 
a arte! beet 2 Be : 700} 900 35) AF 
ota re or ,500/1,600 50| AF . 
54 | Embar-Tensleep Per, Pen} LS | CavPor} 3,000|4,275 100} A ; Cambrian 4,750 
55 | Madison Mis L | PorCav} 3,600)4,726 300) A 
56 | Mesaverde CreU 8 Por 2,250|3,000 50; A Cody 4,019 
57 | Embar-Tensleep Per, Pen| LS | CavPor|  5,669/6,049 50| A | Tensleep 6,076 
a 
rontier CreU 8 Por 800) 1,200 250) A 
60 | Embar-Tensleep Per Pen LS |CavPor}| 3,600/4,000 200; =A \ Amsden 4,335 
61 | Greybull CreU $ Por 1,000]1,050 20| AF | Tensleep 2,950 
A 62 | Embar-Tensleep Per Pen LS |CavPor} 2,700/3,332 130) A Tensleep 2,886 
63 | Frontier CreU s Por 1,200) 1,600 15) A | Greybull 2,785 
64 | Dakota CreU § Por 650} 820 25} A | Sundance 1,638 
65 | Wasatch Eoc § Por 650} 1,000 150} AF | Hilliard 6,200 
4) Embar Per L Cav 3,730)3,760 30| A | Tensleep 3,830 
68 | Dakota CreU $ Por 2,820/3,665 65) A 
69 | Sundance Jur 5 Por 3,500/4,100 65| A }| Granite 6,434 
4 70 Pen 8 Por 4,900|5,630 60| A 
ty 71 | Embar-Tensleep Per Pen | LS | CavPor|  1,300/2,750 185} A | Tensleep 2,190 
i 72| Frontier | CreU iN} Por 1,200/1,500 100) A Mowry 1,670 
73 | Frontier CreU § Por 2,665/2,901 A | Frontier 2,901 
2 Frontier CreU iS} Por 3,900/4,100 15| A | Cloverly 5,660 
17 | DakotsrLak Gre | S| por | aayeletoo | so] AP 
akota-Lakota re or ‘ ' 80 
78 | Sundance Jur 8 Por 1,875|2,100 300} AF Tensleep 4,087 
4 Tensleep Pen Ss Por 3,900/4,097 50} AF 
81 | Dakota CreU s Por 2,170/2,300 30; A 
6 82 | Sundance Jur 8 Por 2,600|2,760 | 110) A }| Tensleep 4,690 
Z 83. | Tensleep Pen S Por 4,600/4,760 | 160) A 
4 84 | Embar Per L Cav 1,450] 1,700 50/ A | Tensleep 2,094 
85 | Sundance Jur s Por 5,200/5,480 140} A | Chugwater 5,910 
- Frontier-Muddy CreU Ny) Por 5,200]5,250 60| A | Chugwater 6,689 
8 
88 | Lakota CreL 8 Por 1,500/1,550 25, <A P 
89 | Minnelusa Pen ee | eee | Goloa } | Minneluss si) 
5 90 
91 | Dakota-Lakota Cre 8 Por 170} 350 30) A P 
92 | Minnelusa Pen £ | For | spoolzase | iol A }| Madison seat 
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Area Proved, Acres| Total Oil Production, Bbl. 
beg 
a ; ts) 
Field, County Die 
covery 7 
5 ‘ b To End of During 
& a aM 1939 1939 
g 
a 
o 
= 
5 
OS t Miskkrat, Peer aie s kb iataye cc ls vor arelealein te alu as inaiate s alaiels 
94 rontier 0 500 
95 Dakotarinitcs sex stokes 
96 | North Casper Creek, Natrona. . 100 0 
97 | North Garland (Danker), Park 0 800 
98 | North Sunshine, Park. 150 0 
99 | Notches, Natrona... 1923 400 167,114 0 
100 | Oil Springs, Carbon. 0 160 
101 | Oregon Basin, Park 1927 11,649,327 | 1,006,756 
102 akota....... 0 1,300 
103 Embar-Tensleep 10,000 0 
104 | Osage, Weston..... 1920 | 10,000 0 4,356,818 238,530 
105 | Pilot Butte, Fremont 1916 561,862 12,285 
106 Niobrara 250 0 
107 Mudd: 0 400 
108 | Pitchfork, Park. . 300 0 
109 | Plunkett, Fremont. . 45 0 11,900 100 
110 | Powder River, Natrona 0 150 
111} Quealy, Albany...... 1934 160 0 1,227,232 226,921 
112 | Rex Lake, Albany.. 1923 200 0 229,026 1,060 
113 | Rock Creek, Carbon 1918 18,893,548 1,018,969 
114 Dakota.... 1,300: 0 
115 500 0 
116 | Salt Creek, Natrona 1908 288,363,422 | 5,336,240 
117 1st Wall Creek. 4,350 0 
118 2d Wall Creek. 21,450: 0 
119 Lakota...... 2,030 0 
120 Sundance 660 0 
121 ensleep. 640 0 
122 | Shannon, Natrona 1889 200 0 55,441 0 
123 | Sheep Creek, Fremon 200 0 0 0 
124 | Shoshone, Park..... 1929 540 0 23,596 |° 10,063 
125 | Simpson Ridge, C 1924 160 0 462,465 0 
126 {and 2 ie greck, Nata \1920 | 240 0 | 3,440,510 | 36,648 
127 | South Sunshine, Park. UNS REED Sie a SR + 300 0 
128 | Spindletop, Natrona 1928 80 0 18,315 0 
129 ed Creek, Park. 2,000 0 0 0 
130 Sala Valley, Uinta 1903 400 0 101,593 0 
-. eapot, Ny ode (outside Naval Reserve) 1927 x 99,760 0 
133 Sha 
134 | Torchlight, Big Hor 1915 600 0 270,279 0 
135 | Warm Springs, Het Springs 1917 160 0 341,530 45,093 
136 | Waugh Dome, Hot Springs 1934 100 0 210,069 0 
137 | Wertz, Carbon......:..... 1,265,126 784,025 
138 Frontier. 0 100 
139 Dakota. . 0 500 
140 Lakota. . 0 500 
141 Sundance 0 200 
142 ONGLOEP eee ve ce fay et oT ate MGR h als haat 250 0 
MonrtrTANA 
1 1930 450 1,024,018 37,563 
2 1916 100,000 
3 1926 3,000 
4 1931 900 
P Cat er i arfiel 1920 
ni 
6 taal. o SD eames A paIr be ctngih> Mees ae on, ote BON 240 } 14,660,961 193,874 


? 
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TasiEe 1.—(Continued) 


T y . Oil-production | Reservoir Pres- 
Penn: Bunbee er ueie or Gas | Methods End sure, Lb. per Character of Oil 
as of 1939 §q. In. 
] 
During Number of a4 
zy 1939-| End of 1939 Wells = 
= § 
8 | ToEnd | During | = >a 3 80) A.P.I. at 60°F., 
2 of 1939 1939 |B 3 BS lez] wo |e = ‘=| Weighted Average | = 
g So Blesi.e |e = A le -8 
z 8 \elelecls. l2,| # |2.| | 22 18 gé 
" 2 gol elalgslseisel — |Se) 2 1 so le $s 
ai SS fet pf St a Fh Tm Dal i a 
2 10,892 3,100 5] 1 0 0 Ol 4a) 0 0| 2,175 y 
95 
96 Di 10\ne0\n0 DO 0, 2 23 
97 50 10 4| 0] 0] 0 0| 4 400 y 
98 21,00) 0 cl A 0) 1 16 
99 5| 0) 0| 0 tie 20h 26 1) 23 
100 77.5 ee OE GND G2 1,200) 1,200 
101 2,303 250 4312 | 35] 5 21.6 
4 102 
103 
104 496| 12| 14) 5 | 386] 0 41.6 
; 105 LZ Ole tl Ow 18a? 13| 800! 800 42 
106 
e 107 
108 1} 0} 0} 0 A aki) 18 
rs 109 19) 2| 0] 0 Bian Ol exec0) 3 42 
110 7/ 0] oO] 0 o| 0 530| 525 
111 191, Ol OF (Oe ora a x0 17 32.8 
- 112 4} 0] 0] 0 Sip (Ol 0 3 35 
os 113 72; 1| O| O| 55) Oo] O 72 
114 35 
; 115 33 
116 1,998} 0] 0] 1 (1) a) 1) 
117 36 
118 36 
7 119 38 
120 35 
: 121 35 
122 18} 0] 0} 0 24 
123 4| 0] 0| 0 2 2 
124 3} 0] O}| 0 1 21.1 
E 125 12) 0] 0} 0 2 3 ae aod 
126] 16,892 | Exh { Gendaten 2! 
127 1) Olaole4 1] 0 1 
: 128 6] 0] 0} 0 5] 0 5 22 
129 3! o| 0] 0 tee 1 
130 30| 0} 0] 0 alee 0 2 48.3 
; 131 Ze Op LOle0 Tae 2 35.2 
e 134 30) 0] 0] 1 0} 0 45.6 
135 46} 0| 0| oO} 19) o| 0 19 21 
136 2! 0] 0] 0 0; 0 27.2 
137] 62,665 420 16| 4| Oo] 0 Fe siilian w0 7 58 
138 850} Exh 
139 1,940 440 
140 1,940] 297 
141 1,520] 1,200 
142 
MonrTaANnA 
1 35] 0] 4 A7} ps4 17 34 [1.20 
2| 5,469 64.9 30 217 y 
3| 6,475 628 8 290 y 
4| 2,031 311 A 4 a 430 y 
5 49  |0.22 
6 49  |0.48 
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TaBLE 1.—(Continued) 


Producing Formation 


Deepest Zone Tested 
to End of 1939 


Depth, Avg. Ft. 


x a 
| Name Ne : = & sien Name 
s zB 4 So Weal fs Ss 
ve 2 g A 2 a r= = as 
2 Bo} Bib S$ Gl Se ie ees ee ae 
4 < Ss) oy & ma 14 Ba a 
Of F CreU 8 1X 4,270|4,340 150} AF 
rontier re ‘or F z i 
95 | Dakota CreU S | Por | 5,306|5320 | 60| AFs | Madison aie 
96 | Tensleep Pen Ni] Por 3,200|3,210 10) A Tensleep 3,308 
97 | Frontier CreU 5 Por 2,200)2,400 30| AF | Frontier 2,800 
98 | Tensleep Pen 8 Por 3,475|3,700 60} A Tensleep 3,712 
99 | Tensleep Pen N] Por 2,800) 2,850 40} A Tensleep 2,830 
100 | Sundance Jur s Por 2,225/2,353 90; A Tensleep 2,353 
101 
102 | Dakota CreU § Por 1,500) 1,550 45| AF 4 
103 | Embar-Tensleep Per, Pen | LS | Cav Por| 3,500/3,900 150| AF | Madison 4,160 
a Newcastle CreU s Por 220/2,154 10} ML | Minnelusa 2,23; 
05 
106 | Niobrara CreU H Fis 800) 1,000 z| A 
107 | Muddy CreU Ny] Por 3,350|3,370 1S) 78 Sundance 4,63 
108 | Tensleep Pen 8 Por 3,750/3,950 40; A Tensleep 3,903 
109 | Mowry CreU H Fis 250} 500 z| N Embar 2,500 
110 | Frontier CreU 8 Por 1,315}1,350 35} A Chugwater 3,460 
111 | Muddy-Dakota CreU Ni] Por 3,260/3,320 60} A Sundance 4,20 
ne Dakota CreU N] Por 3,800/3,900 50) A Lakota 3,930 
114 | Dakota CreU Ni] Por 2,600/3,300 110} A 
115 | Sundance Jur S | Por | 3150i8'250 | 100] 4 } | Bmbar ao 
117 | 1st Wall Creek CreU 8 Por 1,000}1,100 110} AF 
118 | 2d Wall Creek CreU s Por 1,535}2,575 65| AF ’ 
119 | Lakota CreL 8 Por 2,300)2,350 20| AF | Granite 5,400 
120 | Sundance Jur 5 Por 2,750}2,875 70| AF 
121 | Tensleep Pen 8 Por 3,970/3,980 190} AF 
122 | Shannon CreU 8 Por 800} 900 75| MUP | Shannon y 
123 | Embar Per L Cav 2,035}2,100 75| <A | Tensleep 3,905 
124 | Embar Per L Cay 4,300]5,000 24) +A Tenslee 4,775 
125 | Quealy CreU 5 Por 625} 675 40| A | Steele sh. 6,931 
126 | Tensleep Pen 8 Por 2,600}2,700 | 150} A | Tensleep 2,700 
Sundance Jur Ny Por 1,400] 1,425 35| A | Granite 4,119 
127 | Embar Per L Cav 2,475/2,514 40; A Embar 2,514 
128 | Sundance Jur 8 Por 1,100) 1,125 25| A | Tensleep 2,705 
129 | Embar-Tensleep-Amsden | Per, Pen | LS |CavPor| 3,660/4,255 | 270} A_ | Amsden 4,255 
at Aspen reU H Fis 400} 900 z| MC | Bear River 2,065 
132 | Wall Creek CreU 5 Por 2,900/2,950 40| AF : 
133 | Shale CreU H | Fs | 12000 | 21 AF amie = 
134 | Mowry CreU SH Por 400} 600 50| A | Madison 4,165 
135 | Embar Per L Cav 700} 800 50} A | Tensleep 1,590 — 
a Embar Per L Cav 3,775|3,807 35| A | Tensleep 4,246 
138 | Frontier CreU Ny Por 2,210|2,260 50} A 
139 | Dakota CreU 8 Por 3,500/3,550 50| A 
140 | Lakota CreL $ Por 3,700}3,750 40/ A | Tensleep 5,883 
141 | Sundance Jur 8 Por 4,100|4,120 20; A 
142 | Tensleep Pen Ny Por 5,859|5,886 27) A 
MOonrTANA 
1| Vanalta CreL 8, SH 14 2,470/2,500 15} MC | Madison (Miss) 2,645 
2 | Colorado CreU SH 750| 720 50| D_ | Mississippian (?) ,180 
3 | Eagle Cre’ 8 15 975/1,045 100} D Madison 4,700 
4 | Eagle CreU NS) 17 1,200)1,272 100} <A | Eagle 1,276 
5 | First Cat Creek CreU 8 15 1,200}1,245 50} AF 
6 | Second Cat Creek CreL 8 15 1,400/1,440 40} AF | Madison 1,964 


a 
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Fort Collins Field, Larimer County.—Continental Oil Company’s 
No. 1 Meyer, CWL. SE. SW. of sec. 19-8N-68W., in the Fort Collins 
field, completed on Oct. 7, 1939, was given an official initial production of 
300 bbl. of oil and 50 bbl. of water a day pumping from Dakota sand at 
4658 to 4683 ft. It was drilled to a total depth of 5206 ft. and after 
encountering water in Sundance sand at 5063 to 5202 ft. was plugged 
back to 4686 ft. and shot with 20 quarts of nitroglycerin between 4464 to 
4480 ft. This is an old well deepened from 4492 ft. where it was com- 
pleted in November of 1925 for 200 bbl. of oil a day in Muddy sand. This 
constitutes the discovery of oil in a new sand in an old field and will 
result in the ultimate recovery of a substantial amount of oil from a field 
that has produced upward of 2,000,000 bbl. of oil since its discovery in 
1923. 

Wilson Creek Field, Rio Blanco County—The Wilson Creek field in 
Rio Blanco County, Colorado, was extended about one mile northwest 
late in the summer by the completion of No. 2 unit of The Texas Company 
and The California Company, NW.SE.SW. of sec. 27-3N-94W. The new 
well occupies about the same structural position as the discovery well 


TaBLE 1.—(Continued) 


Area Proved, Acres} Total Oil Production, Bbl. 
Year 
Field, County oe 
covery f 
BI ; To End of During 
q Sp ates 1939 1939 
Z 
o 
& 
A 
Cedar Creek, Dawson, Fallon and Wibauz...............+. 
7 BEL IPS SUTAEL Se crepeioteccss oie peret a caeiove oodles) Sogn obe mies Ania 1913 110,000 
8 SO IG MEOTIN Geirde one Gas.c Dageeean Evens a gebmacseapan D / 
9 Miaclison Lime Metis ted iets sie aistoinialer ee terecer siete (ole 1936 80 17,588 Shut in 
LON Cat Bank; Glacter co... tiicsiee cleclett cece siecneeciesioe sienas 1932 | 38,000 55,000 16,922,483 | 3,535,956 
Dry Creek, Carbon.......2.+.ssseeesse sees teen erences 1930 
11 Tayi Ces ee te or ARO OD MEO aoen etek arae aapiod } 1,760 1,510,998 306,483 
12 @loverly ses nsec nna eecie ccirens is ee delaitislocstegals em npeiasece 
ASHP SASIM A COTDOM «60's o.c.c ae fie inne ies nies Vie efslers;e eiela(arn ale ole 1916 140 40 987,853 13,997 
PAN ardin PBtg OTM ntsc ecicteie tice cleice seine els «eects ne ele viele 1928 2,000 
15) Revin-Sunburst; Toole. .....6 cise cee vee en cnce tee cee e ene 1922 | 60,000 34,989,941 | 1,539,265 
16)) Bake Basin, Stillwater...0.. once... eco cree sce ee teie ces te 1924 300 1,500 420,739 25,772 
17 | Pondera, Pondera, Teton..!......-+.20.0ee ener ececeeeeees 1927 1,600 5,362,144 283,984 
18 | Sweetgrass Hills, Liberty, Toole..........-.+.+00-0eeseeee 1929 500 8,000 92,673 10,947 
UTAH 
1| Ashley Valley, Uinta..........5..20 2.00 ee eee cree eee 1926 240 
WAGISCONGRANE fe acc cicls \deealocieisieg sy ee oy cin be se oO Foe ee 1925 2,000 
3| Clay Basin, Daggett........2-00. 0020 0ec rece e eee eee ees 1928 2,800 
4] Farnham, Carbon.........-200000cs ce cner eres essence ees 1924 600 ed 
§ | San Juany Sar Juan. 1... ccc cee cen erence cnet sence ee 1910 160 11,zaz 
6| Virgin, Washington.......- 2.222.000 eee eect eee ees 1908 450 175,600 3,350 


Soe ee 
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but it is west of the surface axis in an area of comparatively low dips. 
Further development of the field may now be expected to progress rapidly 
after the completion late next summer of No. 3 unit, NE.NE.NE. of sec. 
27-3N-94W. 

During 1939 the Wilson Creek field produced 129,506 bbl. of oil, most 
of which was taken from the discovery well and moved by truck from the 
field to The Texas Company’s plant at Craig. 

Divide Creek, Mesa County—On Divide Creek, in Mesa County, Con- 
tinental Oil Co. jointly with Amerada Petroleum Corporation and The 


California Company, hung up a record for deep drilling in Colorado when - 


No. 1 Miller, SW.SW.NW. of sec. 36-8S-91W., was abandoned in Mancos 
shale at 10,815 ft. At the total depth, the well was only 1420 ft. below 
sea level, as the surface elevation is 9395 ft. The structure on which this 
test was drilled is a long anticlinal fold with about 1900 ft. of closure and 
embracing 15,000 acres of land within the closing contour. The length 
of the fold totals nearly 25 miles. Rocks of Wasatch (Tertiary) and 


TaBLE 1.—(Continued) 


‘3 : Oil-production | Reservoir Pres- 
Mg red is ee Number fey, or Gas | ‘Methods End | sure, Lb. per Character of Oil 
z ae of 1939 Sq. In. 
= s 
§ 
During Number of Be 
Z 1939 | End of 1939 Wells 5 
a 
S| ToEnd | During | 2 ba ~ so] A.P.I. at 60°F., 
4 of 1939 | 1930 |B _|BlElesly lw ty & | E| Weighted Average | + 
S3/S\8\60\8 12 | wv |B 23 | 58 
_ as laleles|2.\8,| ¢ |.| a | 28 (8 = 
E Bs |e |2|ge\23lea| — 128) 2) 85 Is EE 
3 : 6°15] = |e@) 5° | a = a a 
"{ 220 125 
8 117) ati 450| 34 
ut in 29.5 |0.80 
10 376] 7 376} 725 7] 41 1.02 
12|} 93.000 | 9,126 7} 6} 7 1,500} 1,250 51 |0.08 
id 653 71 io 30 x 137 80 Aiea 
15} 36,907 2,907 1,077} 180 2 1,075} 360} 200 34 1.20. 
o 2 800 7] 44.1 |0.10 
4 161 161 37 1.90 
5,445 13 280 7] 36 {0.83 
UTaH 
1 471 
2 5 
3 41,321 
4 5126 
5 
6 


5 Field abandoned and all wells plugged. 
6 Carbon dioxide gas. 
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Mesaverde (Cretaceous) form the surface, the former occupying the 
highest topographic points and the flanks, wile the latter are exposed in a 
considerable area along the crest. 

The well reached the base of the Mesaverde formation at 3980 ft. and 
was still in the underlying Mancos shale at the total depth. The only 
marker found in the well below the base of the Mesaverde at 3980 ft. was 
a sandstone at 4935 to 4945 ft., possibly an equivalent of the Morapos 
sand. The excessive thickness of Mancos shale found in the well is 
thought to be the result of thrust faulting. 

El Dorado Structure, Boulder County——The El Dorado structure was 
tested to the Hygiene sandstone member of the Pierre by Continental Oil 
Co. during the summer months and was abandoned late in October. This 
well, known as No. 1 Borra, on the SE.NE.SW. of sec. 5-18-69W., had 
the top of the objective Hygiene series at 4395 ft. and was abandoned in 
that formation at a depth of 6381 ft. Elevation, 5375.51 ft. The struc- 
ture as mapped by Continental geologists indicates a long northeast- 
southwest trending anticline formed in a graben between parallel faults. 


TasLE 1.—(Continued) 


Producing Formation eda Fes i as 
Depth, Avg. Ft. 

: al é 

3 Name % f ais] . ame e 
| 8 she ae [ge| 3 weit 
a 3 a ao 33 ew 8 ag 
g ® a e 2 8 2 & [85] £ ea 
4 2 5 ayo ee hae tae | ae a 

1330 900 | 70) A 

7 | Judith River CreU 5 15 8 

8 | Eagle CreU SH y 1,460/1,400 60} A . 

9 | Madison Mis L y 6,750)6,800 50} A | Devonian 8,186 
10 | Cut Bank Jur 8 14 2,800|2,835 30} MC | Madison 3,160 
11 ti CreU 8 18 4,400/4,450 50| AF 
12 Frontier Crel, 8 y 5 pe 5,625 25| AF | Tensleep 6,887 
13 W: i ee Wyoming 
14 cere 5°) CreU 8 y 700| 730 20} MF(?) | Tensleep 4,120 
15 | Ellis-Madison Contact. Jur-Mis L y 1,450/1,470 10} 7 Pre-Cambrian 4,710 
16 | Eagle, Frontier, Dakota CreU, L § y 1,200}1,320 100} D Madison | 6,002 
17 | Madison Mis L y 1,975)1,990 z artemis ae 
18 | Upper Ellis Jur iS) y 1,400)1,420 | Madison i 

UTAH 
1| Morrison Jur s y 1,665)1,675 10; AF | Nugget-Jur 2,720 
CreU 

i pation See \ iS} y 2,056)2,174 15} D_ | Kayenta-Jur 3,045 

3 | Dakota CreU ) 18 5,700}5,800 40) D_ | Sundance-Jur 6,790 

4 | Coconino Per 8 y 3,093/3,114 21} AF | Kaibab-Per 3,235 

5 | Goodridge Pen Ss y 194} 200 6| S_ | Hermosa-Pen _ 3,663 

6 | Kaibab-Moenkopi Tr L y 663} 665 2} MC | Coconino-Supai-Per | 2,195 

Contact or Upper Kaibab 


7 Dome with accumulation localized by change in character of stratum. 
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Rangely Field, Rio Blanco County.—Shale-oil production in the 
Rangely field was increased considerably in the past year by development 
along fracture zones. In general, the fracture zones have a northeast- 
southwest strike and dip to the northwest at an angle of 60° to 70°. Most 
of the development has been on the fracture zone discovered by the 
Raven Oil & Refining Co. in the early ’20’s, at which time drilling was 
confined to a depth of about 800 ft. In the development of this zone in 
the past two years, the successful wells, some of which have productions 
greater than 100 bbl. of oil a day, have been completed at depths exceed- 


ing 1000ft. Other fracture zones have been tested and found productive, ~ 


one in the S14 of sec. 32-2N-102W., one near the SE)4 of sec. 24-2N- 
103W., and another near the center of sec. 25-2N-103W. A number of 
wells drilled in sec. 2, 3 and 11, in 1N-102W., obtained small production 
but whether or not accumulation occurs in a fracture zone similar to the 
others mentioned has not been determined. 

Several other fracture zones in the field are marked at the surface by 
outcrops of calcite that have not yet been tested but appear to offer 
excellent prospects for the development of additional production. 

The principal operators in the field are the Equity Oil Co., Raven Oil 
& Refining Co., John Bockhold and L. E. Jones. 

At present production in the field is approximately 400 bbl., of which 
about 300 bbl. is trucked to Salt Lake City. The field has a capacity of 
about 500 bbl. a day and the market outlet is restricted to the production 
mentioned above. 


MontTANA 


The Cut Bank field and the area to the north of Cut Bank were the 
most active spots in Montana in 1939. The results of drilling operations 
added about half a section of productive area to the old field south of Cut 
Bank and north of the Big Bend pool, and a section or more to the North 
Cut Bank field. Recovery of production in 1939 is shown in Fig. 1. 


North Cut Bank Field, Glacier County—The discovery well of North 


Cut Bank was drilled in 1933 by Santa Rita Oil and Gas Co., jointly 
with P. T. Sweeney. It is known as No. 1 Jacobson, C.NW.NW. of 
sec. 23-37N-5W., and produced 62 bbl. of oil initially from Darling sand 
at 2625 to 2628 ft. Late in the summer of 1933, following the completion 
of No. 1 Jacobson, Yukon Oil Co. drilled and abandoned its No. 1 Marie 
Krueger, C.SW.SW. of sec. 14-37N-5W., after encountering sulphur water 
in Madison lime at 2772 to 2775 ft. The Yukon well is a north offset 
to the discovery well. The upper part of the Darling sand at 2598 to 
2668 ft. was dry. It contained slight oil saturation at 2623 ft., followed 
by water in the base. In later years the name of the Darling sand was 
changed to Cut Bank. 


cae tinier tearm 


a 


7.) 
ogee , 
x 


C. BE. SHOENFELT 399 


In the years that followed the completion of the discovery well and 
the offsetting dry hole, there was little activity until 1937, when A. B. 
Cobb started his No. 1 State, C.NE.NE. of sec. 30-37N-4W. He dis- 
covered gas in the upper bench of the Moulton sand at 2572 to 2585 ft. 
Late in 1938, the Cobb-State well was deepened to the second bench of the 
Moulton at 2597 to 2605 ft., where it gauged 40,000,000 cu. ft. of gas. In 
that same year Yukon Oil Co. completed its No. 1 Lundgren for 100 bbl. 
of oil a day from Moulton sand at 2562 to 2566 ft. This well is in the 
SE.SE.SW. of sec. 23-37N-5W., a little less than a mile south of the 
discovery well. Early in 1939, Nadeau Brothers’ No. 1 Government, 
NW.SW.NW. of sec. 25-37N-5W., tested the Moulton, Sunburst and Cut 
Bank sands and was abandoned at 2805 ft. This well found the Moulton 


1932 - 1933 1934 see, 1936 1937 1938 1939 


E. S. PERRY 


PRODUCTION IN MILLIONS OF BARRELS 


‘en Meio OF PRODUCTION IN MonTANA’S MAIN OIL FIELDS IN 1938 AND 
RECOVERY IN 1939. 


sand dry at 2652 to 2680 ft., and developed a showing of oil in Sunburst 
sand at 2735 to 2752 ft., followed by water at 2763 to 2768 ft. The Cut 
Bank sand was dry from 2775 to 2800 ft. but contained sulphur water at 
2800 to 2805 ft., where the hole filled up 1400 ft. This well and Yukon 
Oil Company’s No. 2 Lundgren, C.NE.NW. of sec. 26-37N-5W., mark 
the southern limits of the field. No. 2 Lundgren failed to produce 
although it is a south offset to No. 1 Lundgren, a producing oil well. The 
Moulton sand at 2500 to 2579 ft. had a showing of about 150,000 cu. ft. of 
gas with a spray of oil from 2572 to 2579 ft. It encountered a bailer of 
water an hour in Sunburst sand at 2632 to 2655 ft. The upper part of the 
Cut Bank sand at 2675 to 2708 ft. was dry, but had a small showing of oil 
from 2700 to 2708 ft. The lower part of the Cut Bank sand at 2708 to 
2730 ft. contained water and at the total depth 2735 ft. the hole had filled 
up 2265 feet. 

Chandler and Newell’s No. 1 Hintrager, C.NE.NW. of sec. 24, was 
the second large Moulton-sand gas well completed in the field. It logged 
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Moulton sand at 2550 to 2596 ft. and gauged initially 43,000,000 cu. ft. 
The southwest offset to No. 1 Hintrager, Nadeau Brothers’ No. 2 Govern- 
ment, C.SW.NW. of sec. 24, developed an estimated flow of 2,000,000 to 
4,000,000 cu. ft. of gas in Moulton sand but was completed in Sunburst 
sand at 2658 to 2696 ft. for 45 bbl. of oila day. The west offset to No. 1 
Hintrager, the Huber-Montana Company’s No. 3 Government, on the 
C.NW.NW. of sec. 24, had a good showing of oil on a drill-stem test in 
Moulton sand at 2574 to 2578 ft., but was drilled on down and completed 
for 76 bbl. of oil in 17 hr., flowing through the casing from Sunburst sand 
at 2662 to 2704 feet. 


This concern’s No. 2 Hintrager, C.NW.SW. of sec. 24-37N-5W., had 


the top of the Moulton sand at 2578 ft. and the base at 2628 ft. It 
developed an open flow of 2,500,000 cu. ft. of gas in the Moulton between 
2594 and 2628 ft. and 60 bbl. of oil in Sunburst sand at 2692 to 2731 ft., 
where it was completed. 

The freakish nature of the North Cut Bank area was further demon- 
strated by A. B. Cobb’s No. 1 Vargo, C. SE. NE. of sec. 19-37N-4W., 
which had only a small showing of oil in the Moulton sand at 2600 to 
2625 ft. and water in the Cut Bank at 2727 to 2753 ft., but after plugging 
back to the Sunburst sand at 2670 to 2680 ft., gauged 6,500,000 cu. ft. 
of gas. 

A little over a mile north of the (1933) discovery well, Huber-Mon- 
tana Company abandoned its No. 1 Krueger, CWL. SW. SE. of sec. 
11-37N-5W., at 2802 ft. after encountering 1800 ft. of sulphur water in 
Madison lime at 2775 ft. A. B.Cobb’s No. 1 Vasboe, C. NW. SW. of sec. 
27-37N-5W., 114 mile southwest of the discovery well, developed an 
open flow of 310,000 cu. ft. of gas in Sunburst sand at 2655 to 2679 ft. 
with light oil saturation at 2666 to 2672 ft. The Cut Bank sands at 
2679 to 2700 ft., both the upper and lower bench, carried water, which 
filled the hole 300 ft. in 16 hours. 

Cut Bank Field, Glacier County.—Drilling operations in the Cut Bank 
field proper were of routine nature all through 1939 and a large number of 
inside locations were drilled. The Big Bend pool was extended about a 
mile to the northeast, however, by operations of Glacier Production Co. 
This concern’s No. 1 Stott, C. SE. NW. of sec. 34-33N-5W., tested 22 
bbl. of oil and 139 bbl. of water in the first 24 hr. from Cut Bank sand at 
3060 to 3100 ft. but after failure to cement off the water, the well was 
abandoned in Ellis shale at 3105 ft., and No. 1 Minnette, C. NE. NW. of 
sec. 34, the north offset to No. 1 Stott, was started. This well had a 
showing of oil in the lower part of the Sunburst sand at 2920 to 2930 ft. 
and in the upper Cut Bank at 2940 to 2950 ft., with main pay in the 
lower Cut Bank at 2950 to 2980 ft. where the hole filled up 1200 ft. with 
oil. On a swabbing test, the well made 87 bbl. of oil in the first 24-hr. 
period. 
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A Sunburst sand producer was completed 34 mile north of the field 
proper. This well, Glacier Production Company’s No. 1 Larson, CWL. 
NW. NE. of sec. 35-36N-6W., swabbed 150 bbl. of oil the first 12 hr. 
from Sunburst sand at 3022 to 3028 ft. The north offset, The Texas 
Company’s No. 1 Ammerman, CWL. SW. SE. of sec. 26-35N-6W., found 
water in the Cut Bank sand at 3128 to 3148 ft. and was abandoned at 
3158 ft. in Ellis shale. In this area, Glacier Production Co. completed 
Montana’s largest gas well late in December. This well, No. 2 Rigney 
on the C. SE. SW. of sec. 35-36N-6W., gauged 80,000,000 cu. ft. of gas 
in sand at 2905 to 2959 ft., having promeoushy gauged 31,000,000 cu. ft. in 
Moulton sand at 2910 to 2914 ft. before 85g-in. casing hed been cemented 
at 2897 ft. and the hole deepened to the Cut Bank. 

Kevin-Sunburst Field, Toole County.—All drilling operations in the 
Kevin-Sunburst field in 1939 were of a routine nature with only two 
minor extensions of the producing area. On the northeast side, Imperial 
Craig Oil Company’s No. 1 Gauss, C. SW. NE. of sec. 18-35N-1W., 
completed for 35 bbl. of oil daily, after 500 gal. of acid, from the Ellis- 
Madison contact at 1626 ft., extended the field 14 milenorth. Operations 
by Coolidge and Coolidge on the west side of the field extended the pro- 
ducing area on that side 14 mile north. 

Seventy wells were completed in the Kevin-Sunburst field during the 
year, of which 52 were producing oil wells, one was a gas well and 17 were 
dry holes. One well was abandoned before reaching the sand. The 
average initial production of the new wells was not large and few wells 
of large capacity were completed. 

A. E. Crumley’s No. 16 Fryberger, on the SE. NE. SW. of sec. 24- 
35N-3W., was easily the best of the year’s completions. Its initial 
capacity was 288 bbl. of oil a day with 500,000 cu. ft. of gas, flowing 
through tubing after treatment with 1000 gal. of acid. 

Boris A. 8. Aranow’s No. 1 Ellingson, NE. SW. SW. of sec. 14-35N- 
3W., started at 200 bbl. of oil a day, but was pinched down to 65 bbl. by 
the operator to prevent water encroachment. 

Big West Oil Company’s No. 10 Dahlquist, CSL. SW. SE. of sec. 
21-35N-3W., made 200 bbl. of oil initially on official gauge and has since 
given an excellent account of itself after having partly exhausted a heavy 
water flow. The capacity of this well has been variously estimated at 
from 800 to 1100 bbl. daily and probably would have exceeded the 
200-bbl. gauge if it had been allowed to produce to capacity. 

At the close of the year adverse weather conditions had slowed down 
operations to four drilling wells, all others were shut down temporarily 
and several of them will not attempt to resume until next spring. 

Pendroy District, Teton Cownty—An occurrence of oil, which may 
lead to additional drilling, was reported from the Pendroy area, west of 
the Pondera oil field, when R. C. Tarrant’s No. 1 Kirk-Hoeschen, C. NE. 
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SE. of sec. 34-27N-5W.., flowed 10 bbl. of 31° A.P.I. gravity oil a day from 
Madison lime at 2295 to 2298 ft., top at 2283 ft., after three treatments 
with acid, a total of 3500 gal. Late in November, the operator decided 
it would be more profitable to produce the well for its gas and the hole 
was plugged back to a sand in the Colorado shale at 1560 to 1640 ft., 
where it was recompleted for 2,700,000 cu. ft. of gas a day. 

Another occurrence of oil in Madison lime was reported from this 
area when No. 1 Kellog of Zodiac Oil Co. and Gulf State Oil Co. NE. 
NW. NE. of sec. 33-28N-5W., before abandonment pumped 1 bbl. of oil 
and 50 bbl. of water a day after treatment with 450 gal. of acid in Madison 
lime at 2835 to 2841 ft. This well was drilled on a geophysical high. 

Sweetgrass District, Toole County.—A failure of more than ordinary 
interest was drilled in the Sweetgrass area late in the summer by Italo 
Petroleum Corporation on the Elmer Cornett farm in the C. SW. NW. of 
sec. 30-37N-3W. The location was on a broad structural nose, which 
turns northwestward toward the Border field. The Italo well was about 
200 ft. higher structurally than wells in the near-by Border field. It 
developed an open flow of 800,000 cu. ft. of gas in the base of the Colorado 
at about 1500 ft., top at 285 ft., and had a showing of 14 bailer of oil an 
hour in Sunburst sand at 2305 ft. The top of the Madison lime was 
logged at 2675 ft. where the hole filled up 2000 ft. with sulphur water. 
After drilling into the lime 50 ft. the hole was abandoned at a total depth 
of 2725 feet. 

Elk Basin Field, Carbon County.—The gas-producing area of the Elk 
Basin field of Wyoming was extended into Montana near the close of 
the year by the completion of a well by Minnelusa Oil Corporation and 
Henderson Producing Co., No. 1-H-11 on Elk 11, SE. SE. NW. of sec. 
35-9N-23E., Carbon County, Montana, in Dakota sand at 2867 to 
2877 ft. On drill-stem test, it showed for 8 to 10 bbl. of oil a day with 
500,000 cu. ft. of gas but through tubing gauged 1,500,000 cu. ft. of gas 
with a spray of oil. 


Elk Basin is one of the more important of the old Wyoming oil fields — 


and has produced upward of 10,000,000 bbl. of oil since its discovery in 
1915. It reached its economic limit in Frontier sands in 1933 but 
responded well to repressuring and will continue to produce from the 
Frontier for many years. The structure is believed to hold excellent 


possibilities in Permo-Pennsylvanian rocks, and a deep test is in prospect 
for 1940. 


WYOMING 


Horn Valley, Carbon County—The Horn Valley fold was added to 
the list of Wyoming’s gas fields in 1939, following the completion by 
Martin and Gaylord of their No. 1 Horn Brothers well on the CNL. NW. 


————————— 
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SW. of sec. 22-22N-78 W. This well was started in September 1939 and 
completed before the first of January 1940, in Muddy sand at 750 to 
805 ft. after plugging back from 1200 ft., for an initial production of 
7,000,000 cu. ft. of gas under 325 lb. pressure. Additional encouraging 
showings of gas were reported in Dakota sand at 986 to 1000 ft., 1005 to 
1036 ft. and the Lakota sand at 118 to 1153 ft. had a showing of oil and 
gas. 
Wertz Dome Field, Carbon County—The Wertz dome field in Carbon 
County, Wyoming, in which oil was discovered in upper Tensleep sand 
in 1936, became a major oil field in 1939 through the discovery of oil in 
the lower Tensleep. The original oil discovery in 1936 was made by 
Sinclair Wyoming Oil Co. in its No. 10-A Wertz, SW. SE. NW. of sec. 
7-26N-89 W., and resulted in a 2000-bbl. well at 5863 to 5886 ft. Two 
additional Tensleep wells were completed by Sinclair Wyoming Oil Co. 
in 1937, No. 11-A for 410 bbl. a day and No. 12-B for 800 bbl. In 
August 1939, No. 11-A Wertz, SE. NW. NW. of sec. 7, was deepened 
from 5987 to 6238 ft., and discovered the pay in the lower Tensleep. In 
this pay, No. 11-A Wertz was credited with an initial production of 
4622 bbl., flowing through the casing. The oil has a gravity of 35° 
A.P.I. Following the discovery, No. 10-A Wertz was deepened from 
5896 to 6161 ft. and recompleted for 8350 bbl. of oil in 24 hr. After 
deepening from 5807 to 6086 ft., No. 12-B Wertz flowed 3607 bbl. of oil 
in 24 hr. through 214-in. tubing. No. 13-A Wertz ,NE. NW. NW. of sec. 
7, made 129 bbl. of oil an hour at 6065 ft. with a large increase at the total 
depth, 6230 feet. 

Pinedale Structure, Sublette County—An important test incomplete 
at the end of 1939 is The California Company’s No. 1 Pinedale unit in 
GC. SW. NE. of sec. 14-31 N-109W.., in Sublette County, western Wyoming. 
This well reached a depth of 10,000 ft. in October 1939 and set a new 
depth record for that state. The deepest well drilled in Wyoming pre- 
viously was Amerada Petroleum Corporation’s No. 1 Borie near Chey- 
enne, Wyoming, which reached a depth of 9385 ft., where it was 
abandoned in sandy red shale of the Jelm formation of Triassic age. 

The Pinedale well started in Green River beds of Eocene age and at 
the total depth was in beds believed to belong in the Fort Union forma- 
tion, also of Eocene age. The contact between the Green River and 
Wasatch has been tentatively placed at 4050 ft. and the top of the Fort 
Union at 6850 ft. This well had a showing of oil and gas in fine to coarse 
sand at 4238 to 4254 ft., which proved noncommercial and was cased off 
with 7 in. cemented at 8509 ft. The well is now standing shut in for the 
winter with 1500 ft. of perforated 434-in. liner set on bottom. Test of 
the well’s volume will be made in the spring. The well is in the valley 
of the Newfork River, an important tributary of the Green River, on its 
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south bank. The anticline, as seen from the rig, is clearly reflected in 
the low hills that parallel the river 2 miles north and in a low range of 
hills 3 miles southeast. 

The Pinedale unit embraces approximately 71,000 acres of land and 
covers the anticlinal fold completely. The structure of the underlying 
beds is slightly reflected in generally flat-lying Tertiary beds suggesting 
a long, low, curving anticline. Before the well was drilled, The California 
Company mapped the area in detail by surface and geophysical methods. 

Lance Creek Field, Niobrara County.—The Sundance sand area of the 
Lance Creek field was extended more than a mile east in March 1939, when 
The Ohio Oil Co. worked over its old Leo sand producer, No. 1 on Leo 7 
in the NW. NW. SE. of sec. 35-36N-65W., and recompleted it in Sundance 
sand at 4304 to 4315 ft. for 194 bbl. of oil a day, producing through per- 
forated casing. The Continental Oil Co., for the account of its sub- 
sidiary, Buck Creek Oil Co., went nearly 14 mile north and completed 
No. 5 on apex 4 in the NE. NE. NW. of sec. 35-36N-65W., for an initial 
production of 1005 bbl. of oil in basal Sundance sand at 4052 to 4095 ft. 
With this important change in the Sundance sand picture, the eastern 
limits of the field now remain to be determined. 

Operations at Lance Creek in 1939 uncovered a pay in the Minnelusa 
formation deeper than the Leo and well above the Bell. At the outset 
of Minnelusa development at Lance Creek, three pay zones were recog- 
nized. These were named the Converse, Leo and Bell sands, representing 
upper, middle and lower Minnelusa, respectively. The new productive 
zone has been named the Joss, but some geologists believe this zone may 
be a part of the Leo. 

The upper Minnelusa pay was discovered in The Ohio Oil Company’s 
No. 5 on Converse Sheep. The middle Minnelusa in No. 5 on Leo 16— 
outside of the unit, but developed in Elizabeth Lamb 10, within the 
unit—and the lower Minnelusa was discovered in Buck Creek Oil Com- 
pany’s No. 10 Tom Bell Cattle. The so-called Joss sand was discovered 
in 1939 by Minnelusa Oil Corporation’s No. 2 Joss, SE. NE. SW. of sec. | 
6-35N-65W., on the western edge of the field. This well is an old Sun- 
dance sand producer completed in February 1937, for an initial produc- 
tion of 100 bbl. of oil a day. In the deepening operations early in 1939, 
the Leo sand at 5154 to 5167 ft. made a very poor showing on drill-stem 
test, but deeper drilling resulted in the discovery of another pay at 5260 
to 5307 ft. from which the well flowed 846 bbl. of oil over a 24-hr. period 
after acidizing with 2000 gal. It is not clear that this pay is a unit 
distinct from the Leo pay or that the original threefold division had any 
particular significance. An examination of the cuttings from the various 
wells in the field leaves the impression that accumulation is the result of 
porosity. The geological section would suggest that the Minnelusa 
formation, in addition to being a reservoir for the oil, is also the source. 


| 
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Early in 1939, the production in the Joss zone was confined to wells 
on the west side of the field, but in October the Argo Oil Corporation’s 
No. 7 Ford on the NW. SE. NW. of sec. 33-36N-65W., an outside well 
on the north side of the field, was completed at 5534 ft. for 2439 bbl. of 
oil initially. It had Leo sand at 5365 to 5407 ft. with the Joss at 5517 to 
5534 ft., where it tested 30 bbl. of oil in 30 min. through the drill stem. 
The 7-in. production string was cemented on top of the Leo at 5365 ft. 
and the well is being produced from both zones. At the end of the year, 
Buck Creek Oil Company’s No. 5-A Dielman, SE. NW. NW. of sec. 
8-35N-65W., on the southeastern side of the field, was drilled to the Joss 
at 5585 ft. and found it saturated with oil. The hole was then plugged 
back to 5430 ft., where the well was completed in the Leo for an initial 
production of 1453 barrels. 

There were 52 completions in the Lance Creek field in 1939, of which 
31 were Leo sand oil wells, 4 were Joss sand oil wells, 15 Sundance sand 
wells, and one was a deep dry hole. Initial new production for the Min- 
nelusa formation was 53,372 bbl. and for the Sundance sand 7342 barrels. 


Wromine Pire LINES 


The new oil pipe line of the Utah Oil Refining Co. from Ft. Laramie, 
Wyo., to Salt Lake City, Utah, was begun Aug. 11, 1939, and was the 
major pipe line construction in 1939 for the Rocky Mountain region. 
The line consists of 414 miles of 8-in. pipe from Ft. Laramie to Wasatch, 
Utah, and 24 miles of 6-in. pipe from Wasatch to Salt Lake City. A 
lateral of 31 miles of 4-in. pipe from Granger, Wyo. connects with the 
old Stanolind line from the La Barge field at Opal, Wyo. The Rock 
River field was connected into the main line by a 10-mile lateral of 4-in. 
pipe. Crude-oil deliveries from the Big Medicine Bow field are made 
through the lines of the Illinois Pipe Line Co. Since the main trunk line 
passes through Parco, Wyo., it will be possible to make deliveries from 
Lost Soldier Basin fields through the lines of Sinclair Wyoming Oil Co. 
The new line furnishes an additional outlet for 6000 bbl. a day of Lance 
Creek and Salt Creek oils. It connects at Ft. Laramie with the Stanolind 
pipe line from Salt Creek, to Freeman, Mo., and with the Rocky Moun- 
tain Pipe Line Co. and the Illinois Pipe Line Co. lines from Lance Creek. 
In addition to the pump station at Ft. Laramie, where oil enters the new 
line, pump stations have been built at Medicine Bow, Wamsutter and 
Granger, Wyoming. 

The Socony-Vacuum Oil Co. completed a 20-mile oil line of 4-in. pipe 
from the Big Muddy field to its refinery in East Casper and began running 
oil from the field early in June. 

The Ohio Oil Co. early last spring completed and put in operation a 
6-in. gas pipe line from Oil Springs gas field, discovered in 1938, to a 
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junction with its Allen Lake-Laramie line, a distance of 5.3 miles. Pipe 
for this line was strung late in the fall of 1938. 

The Rocky Mountain Gas Co. in August 1939 completed a welded 
gas line, 12 miles long, which connects the Bunker Hill gas field to its 
gas-distribution system in the Rawlins district. The line consists of 
11.8 miles of 6-in. and 0.2 mile of 4-in. pipe and connects into the main 
gas line from Mahoney dome to Rawlins and Parco. The new line fur- 
nished an outlet for two wells on the Bunker Hill dome, which were 
completed several years ago and have since been standing shut in. 

The Illinois Pipe Line Company’s Mule Creek line was abandoned 
this year and all pipe removed from Dakoming station on the Chicago, 
Burlington & Quincy Railroad to the company’s pump station in the field. 
This leaves a few miles of 8-in. line in the system from the field to the 
pump station, but it is merely a part of the gathering system to the storage 
tanks at the pump station. 


Montana Piet LINES 


The only pipe-line construction work in Montana in 1939 consisted 
of the replacement with 12-in. pipe of 8 miles of 8-in. pipe in the Bil- 
lings Gas Company’s gas line from the Elk Basin field in Wyoming to 
Billings, Montana. 

A pipe line from the Cut Bank field in northern Montana to Spokane, 
Wash., is in prospect for 1940. The plans for the Inland Empire Refin- 
eries, Inc., call for 250 miles of 6-in. pipe. Such a line will traverse a 
mountainous country, but if completed will enable refineries in Wash- 
ington to meet competition on the Pacific Coast. 


ACKNOWLEDGMENTS 


The writer is especially indebted to Eugene 8. Perry, of the Montana 
School of Mines, at Butte, Mont., for valuable assistance in the prepara- 
tion of the Montana section of this report, and to J. E. Hupp, of the 
Glacier Production Co., for information covering the Cut Bank field. 
William T. Nightingale, of the Mountain Fuel Supply Co., furnished 
the gas-production figures covering the Hiawatha, Baxter Basin and Clay 
Basin fields. All other information was obtained from the files and 
records of Petroleum Information, Inc., of Denver. 


_——_™ 


— 


Oil and Gas Developments in Tennessee in 1939 


By Kenpauyt E. Born,* Junior Memper A.I.M.E. 


(New York Meeting, February 1940) 


Propuction of crude oil in Tennessee during 1939 was slightly more 
than 51,000 bbl., an increase of about 10,000 bbl. over 1938. The produc- 
tion by counties and by fields is shown in Table 1. 


TABLE 1.—Oil Production in Tennessee for 1939 


Age, Producing Formation 
P Years oe ilies Number 
iS Field, County to 193 3 toga, of Wells 5 ae 
é End of : » | Pumped - Hees 
A ind off Bol. | BBL. P Name Higa bar) Fete 
3 
1| Glenmary, Scoft........... 23 4,674 4,332 4 Glenmary MisU| L Fis AF 
2| Boone Camp, Morgan...... 15 1,392 862 12 Boone Camp MisL | LS Fis He 
3 | Seabolt, Morgan........... 11 1,564 1,401 3 Boone Camp MisL | LS Fis T 
4 | Coon Hollow, Morgan..... 10 5,749 4,216 4 Boone Camp MisL | LS Fis i 
5 | Beaty, Fentress............ 2% | lease 1,200 1 Sunnybrook Ord L Fis D 
6 | Tinsleys Bottom, Clay-Jack- 
ci ane ret Achar ee meen 15 100 lore 1 Tinsleys Bottom Ord L Fis D 
7| Jouett Creek, Pickett....... 13 1,100 | Aban- Sunnybrook, Tinsleys | Ord L Fis D 
? doned Bottom 
8| Pine Branch, Clay......... 24 | 12,000 Tepe Tinsleys Bottom Ord L Fis D 
rarily 
aban- 
doned 
9 | Hargrove, Clay.........-.- 3 1,250 1zre 4 Tinsleys Bottom Ord L Fis D 
10 | Goodpasture Bend, Clay...| 2! 7,300 3,laex 1 Tinsleys Bottom Ord L Fis D 
11 | Irons Creek, Clay......... 12 640 | Aban- Sunnybrook, Tinsleys | Ord L Fis A 
doned Bottom. 
12 | Arcott School, Clay........ 1% 4,222 lave 1 Tinsleys Bottom Ord L Fis D 
13 | Turkey Creek, Clay........ 114 400 ee Tinsleys Bottom Ord L Fis A 
one 
14 Celina, Clayss. 222.0020. =: 285 | 32,2e2 11 Tinsleys Bottom, Ce- | Ord L Fis D 
lina, Sunnybrook 
15 | Lock Branch, Jackson..... 12 270 2Qaa 6 Tinsleys Bottom Ord L Fis D 
16| Scattered, Clay, Pickett, 50a era 8 Sunnybrook, Tinsleys | Ord L Fis | A, D 
Fentress. Bottom 
Si [sre (nn nn at 


The increased production has resulted from continued activity in the 
Upper Cumberland district, especially in Clay County, where approxi- 
mately 37,000 bbl. were marketed off the lease. This figure includes a 
single well in the old Tinsleys Bottom pool on the Clay-Jackson County 
line, although the well is in Jackson County. The ‘Mississippi lime” 
produced 10,811 bbl. in Scott and Morgan Counties, a decrease of 2568 
bbl. from the 1938 production. Production during the year from some 
half-dozen scattered wells in eastern Clay, Pickett, and Fentress Counties, 
on which there are no accurate figures, is estimated at 1000 barrels. 


Summarized at meeting; manuscript received at the office of the Institute 


April 24, 1940. 
* Assistant Geologist, Tennessee Division of Geology, Nashville, Tennessee. 


407 


408 OIL AND GAS DEVELOPMENTS IN TENNESSEE IN 1939 


There were 75 wells spudded in during 1939, of which 14 were drilling 
or only temporarily suspended on Dec. 31, 1939. Sixty-one wells were 
completed during the year; 14 were commercial producers, five encoun- 
tered oil although they have not been put on pump, and two were gas 
wells which gauged more than 1,000,000 cu. ft. The total footage drilled 
on 1939 completions was 56,422 ft. Flush production during the year 
totaled 935 bbl. The more important wildcats are listed in Table 2; the 
distribution of oil and gas tests drilled during the year, according to 
physiographic divisions, is given in Table 3. 


NATURAL GAS 


The only natural gas marketed off the lease in Tennessee during the 
entire year was in Morgan County, where a small amount was furnished 
to the town of Sunbright and immediate vicinity. The gas occurs with 
the oil in the Boone Camp field and small amounts were put on the line 
from the near-by Coon Hollow and Seabolt pools. 

Late in the year, natural gas was piped into Jamestown, the seat of 
Fentress County, from several wells about 6 miles south of the town. 
The producing horizons are in limestone of Trenton age at depths ranging 
from 450 to 850 ft. At the present writing, surveys have been completed 
to pipe natural gas into Lafayette, seat of Macon County, from several 
shallow wells approximately 5 miles east of the town. The producing 
horizons are in rocks of the Trenton group. 


TaBLE 2.—Important Wildcat Tests Drilled in Tennessee during 1939 


4 Total | Surface Deepest 
Well Name hag County Drilled by |Depth,| Forma- | Formation Remarks 
t. tion Tested 
T. W. Roberts..| 2 | Clay 0.6 mi. NW. of | Lain Oil & Gas | 1,128 | Cannon Pew Cana- | Commercial produc- 
Celina Co. (Ord) ian (Knox| tion in Knox at 
F t dolomite) 1108-1115 ft. 
Amos Jolly..... 1 | Pickett | 2 mi. SW. of | Doctors Syn-| 1,770 | Ft. Payne — Cana- | 15 bbl. flush in Knox 
Bloomington | dicate (Miss.) (Knox } at 1612-1620 ft. 
olomite) 
L.F.Choate....| 1 | Fentress |1 mi. SE. of | Travis Smith | Drlg. | Warsaw | Upper Cana-| Testing good show 
Little Crab et al. (Miss.) py (Knox | of oil in Knox at 
rer dolomite) 1860-1869 ft. 
H. K. Jones....| 1 | Morgan |1 mi. W. of | Tenn-Ohio Oil | 1,355 | Pen Middle Mis- | 1,155,000 cu. ft. of 
Sunbright & Supply Co. sissippian gas in Miss. at 
1046 ft. 
Allen Stevenson.| 1 | Giles 1 mi. NW. of | Indian Creek| 878] Trenton | Upper Cana- | Tested upper Knox 
Elkton Oil Co. Ord dian (Knox | possibilities in Cen- 
. dolomite) tral Basin 
A.E. Markham.| 1 | Lake 3.5 mi, SE. of | Henderson Oil | 3,990 | Recent | Upper Cam-| Oldest  Paleozoies 
Tiptonville Co. brian encountered in 
? western Tennessee 
Dyer Brothers..| 1 | Lauder- 0.5 mi. N., 1.5 | Raymond Gear| 3,212 | Recent | Lower Ordo-| Paleozoic top at 
dale mi. E. of Halls vician ? 2501 ft. No en- 
couraging shows in 
Cretaceous 


DEVELOPMENTS 


Cumberland Plateau.—There was one completion in the coal area of the 
state, a test that attempted to extend the lower Mississippian production 
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in the Coon Hollow pool in Morgan County. This test, which was drilled 
to 1350 ft., found more than 1,000,000 cu. ft. of gas in the upper Missis- 
sippian at 1046 ft., and the well was completed as a commercial gasser. 
The Coon Hollow pay was dry, but a strong oil show was logged at 
1194 ft., probably the Glenmary pay, which produces some 6 miles to the 
north. With the exception of developments in Scott and northern 
Morgan Counties, the Cumberland Plateau, especially the pre-Mississip- 
pian possibilities, remains essentially unexplored. In the light of present 
and past Ordovician production to the northwest in the Highland Rim 
area, the Cumberland Plateau is considered one of the most favorable 
areas for prospecting in Tennessee. Geologic work has been carried on 
by at least one of the major oil companies in the northern part of the 
Plateau. There was sporadic leasing in this area during the year. 


TaB.E 3.—Physiographic Distribution of Wells Drilled in Tennessee 
during 1939 


Number In Number |} Number 

Physiographie Division County of Wild-| Proven | of Oil of Gas 

cats Fields Wells Wells 
@umberland: Plateatsas.. 4 dei. nee Morgan 1 0 0 1 
Northeastern Highland Rim......... Clay 19 16 12 0 
Jackson 3 0 0 0 
Pickett 3 0 1 0 
Overton 3 0 0 0 
Fentress 2 0 1 0 
Northern Highland Rim............ Macon 0 1 0 il 
Sumner 5 0 0 0 
GemiraleBasined peace hae Ane 2 eee y s Coffee 2 0 0 0 
Giles 1 0 0 0 
Mississippi Embayment............ Dyer 2 0 0 0 
Lake 2 0 0 0 
Lauderdale 1 0 0 0 


Northeastern Highland Rim.—As in previous years, the center of drill- 
ing activity was in the northeastern Highland Rim area, especially in 
Clay County. Of the 61 completions, 46 were drilled in this physio- 
graphic province. In response to this continued interest this Division 
issued a detailed report on Clay County during the year.’ | 

The discovery of oil in a new horizon in the Trenton at depths of less 
than 350 ft. was largely responsible for renewed activity in Clay County. 
The most active area was in the immediate vicinity of Celina, where 23 
wells were drilled, 10 of which were producers. Flush production from 
two wells in this area was more than 150 bbl. but the decline was rapid. 
Several of the wells were drilled deeper to the Black River-Stones River 


1K. E. Born and H. B. Burwell: Geology and Petroleum Resources of Clay County, 
Tennessee. Tenn. Div. Geol. (1939) 47. 
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pays of this area, and three found production in these lower horizons. 
One test at Celina was completed as a 15-bbl. well in the upper part of the 
Knox dolomite group at the depth of 1115 ft. Although several tests 
had reported oil in these older beds, this completion marked the first 
commercial production in the Knox dolomite in several years. 

The year also witnessed the first successful acidizing of the Ordovician 
section in the Highland Rim region. The Matmon Farms, Inc., W. A. 
Marcum No. 1 acidized a strong show at 471 ft., and the well was com- 
pleted as a 10-bbl. producer. The few previous attempts to acidize 
producing horizons or good shows in the northeastern Highland Rim had 
not been successful. Faulty technique and the lack of accurate drilling 
records contributed largely to these failures. Since most of the producing 
horizons in the Upper Cumberland district are rather pure limestones, 
75 to over 90 per cent calcium carbonate, there is no apparent reason why 
intelligent acid treatment would not materially increase production in a 
large number of wells. 

Middle Tennessee-——There were seven completions in Middle Ten- 
nessee during the year, all of which were completed as dry or near-dry 
holes. Continued attempts to extend the Devonian and Silurian produc- 
tion from Allen and Simpson Counties, Kentucky, were responsible for 
five completions in Sumner County, all of which were failures. Unsuc- 
cessful attempts were also made to find deeper production in northwest 
Coffee County, where a small amount of oil was found in the lower part 
of the Trenton at depths of less than 125 feet. 

West Tennessee.—More than 200,000 acres of oil and gas leases were 
recorded during the year in the Mississippi embayment area of western 
Tennessee. Interest was attracted to this area by geophysical work 
carried on during 1938. This work continued during 1939, and was 
closely followed by an active leasing campaign. These activities were 
quickened appreciably by the discovery of oil in rocks of Upper Creta- 
ceous age in Mississippi. Active leasing has been carried on in Tipton, 
Lauderdale, Dyer, Lake, and Obion Counties. Three wells in the north- | 
western part of the area were completed as dry holes into the upper part 
of the Paleozoic section. Sample studies of the sections encountered 
by these tests strongly suggest that Paleozoics are considerably older than 
has been previously considered. 
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Development and Production in East and East Central 
Texas for 1939 


By D. V. Carrer,* Franxuin M. Hacksuscy,t anp Dan C. WIiv.iaMs, JR.{ 
(New York Meeting, February 1940) 


DurRING 1939 little of consequence happened in East and East Central 
Texas in the way of oil discoveries. At the end of the year, there were 
47 oil and gas fields in the district. Twelve other fields, 11 oil and one 
gas, have been abandoned. The ranking fields in order of the number of 
completions for the year were East Texas, Talco, and Rodessa (Texas 
portion). There were 511 oil wells (distillate wells included), 32 gas 
wells, and 257 dry holes completed in the district. 


EXPLORATION, DISCOVERIES AND EXTENSIONS 


During the year, 113 exploratory wells were drilled, the same number 
as in 1938; four oil fields and one gas-distillate field were discovered. 
Perhaps the most important discovery, which has been named Barron 
field, was that of M. Samuel et al., No. 1 Barron in Limestone County. 
The wells in this field are of the gas-distillate type. Other than the 
Talco and Sulphur Bluff fields, which produce oil from the Paluxy sand 
(Upper Trinity), this is the first field on the Corsicana-Mexia fault zone 
to obtain commercial production from deeper Trinity strata. This 
“bay” is the Petit lime of the Lower Glen Rose of the Trinity group. 

The four oil discoveries were: Redland, Angelina County; Bazette, 
Henderson County; Rowe and Baker, Henderson County; and Marion 
County Shallow in Marion County. It is believed that the Bazette 
field, Navarro County, represents an extension of the Flag Lake field. 
For details concerning discoveries, extensions and important wildcat 
wells drilled during 1939 see Table 2. 


PRODUCTION AND PRORATION 


The district produced 175,053,729 bbl. of oil (distillate production 
included) which is a decrease of 4.0 per cent from the 182,369,484 bbl. 
(distillate production included) produced during 1938. The district’s 
production for the year 1937 was 208,594,453 bbl. The East Texas 


Summarized at meeting; manuscript received at the office of the Institute April 18, 


1940. 
* Chief Petroleum Engineer, Magnolia Petroleum Co., Dallas, Texas. 


+ Petroleum Engineering Department, Magnolia Petroleum Co. 
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EAST AND EAST CENTRAL TEXAS FOR 1939 


TaBLE 1.—Ozl and Gas Production in East and East 
Central Texas 


Area Proved, | ‘Total Oil Production, Bb. 
cres 
Year 
Field, County of Dis- 
covery 
Oil Gas? | To End of 1939 | During 1939 
Barrons Tamesdone sai ies «<a ociore wale Pen o bse hes 1939 0 Quy 200y 2 
BasettenN aearre... 6; such coated ete nie ts cea ne dsi stan 1939 lyy 0 13,002 13,002 
Boggy Creek, Cherokee... .was-e vaisae tepiac siewaels tana’ 1927 960 0 4,774,860 104,602 
Bolivar’ Deritonds cetiec catheters Apes slelyicte ives tail 1937 600; 200 6,271 2,349 
Bosque, South; Meliennan, oicacealssiacansin aclocrac seen oe 1902 2,500 0 100,161 3,407 
6,993 5,302 
Baltato, Laon, eel ekclel, Wk gate at ae 1934 10| 7,500 { 17387 14604 
Carthage,” Panolascv.debis.. cee aus co died te ee nea alee ee 1936 0} 1,9y¥y 25,546 6,733 
Cayuga’ Anderson, Hendert0n.cav.icsiécceidin cactlog ips 1934 | 4,000] 9,000} { rkneeass | saeeeus, 
Cayuga Retell Anderson, Henderson................-++ 1938 y y 4,677 4,677 
@hapel Gall t Sinttitsc. se «>, osrew.ss).s cactotas oh cate cetenioars 1938 z y 89,949 75,307 
Collinsville, Grayson ws osccis ee «ance ae oa eee eee 1938 100 0 19,382 7,318 
Corsicana;S NadHTG...%.ccasie Sec nnencel aomemaieanee ss op 1895 6,710 y 14,060,658 151,729 
Carrie PUN ARORA. «crcholals se viele Lee cue eee ate reels ae 1921 475 y 6,828,359 38,545 
East Texas, Cherokee, Gregg, Rusk, Smith, Upshur......... 1930 | 136,000] 2,000) 1,441,790,477 | 141,333,317 
Diag: Lake, Hendersott sc. yo. bp.ccu eels stan we me ot 1937 1,280 0 289,918 151,959 
Ginter? Angelina yk: | Sckh vince Paeesbarrd melts woee ouch 1937 60 0 17,251 8,329 
Grepelaad t Mouilonsr, cc Lstsk tee -secchoes 1936 | Iuw| of f fenee | Aree 
Groeshoek, -Limestont. 7 = xo:ds a0 0s ss te aodacnoweade ota te. 1924 0 60 y y 
Hemby (Elkhart), Anderson............sccceccececccess 1938 0} lyy 530y 180 
Huntington, Angelina: . desi ca nda nts nc esien ee steeetale 1935 100 0 10,325 2,752 
JOAQUIN SHAOY.stetde.cc ce gto. va rele oetuie aire as 1936 0} bByyy 39,068R 36,623R 
Lone Star (Ponta), Cherokee...... occ cscscsescc decane ses 1938 100 y ee alates 
578,05 244,510 
Dong Lake* Andereon: cucatmecrnautncdtuscskiinae esta 1933 | 10,000 y { 555,048 816.353 } 
Lott, Balers Se cd each detistiace ste Ae Eee arcane ate 5 1937 3uy 0 1,614 7,314 
Marion County (shallow).............-.seeeeeceeeeeees 1939 lyy z 7,613 7,613 
Mexia, Limestone.......... BiG aeceh nitiereys cia Mia chloe 1920 3,920 y 96,669,173 609,361 
Nacogdoches, Nacogdoches..........0c.cccecececceseeucs 1865 ra 0 426,653y8 2,1378 
- 2,150 1,457 
Navarro Groming:* Howstonys 3 Ate sate ons aceas «emus 1938 | 1,190} 2,800 { 216.119 190.475 
NiggeriCroak, Limestone ts ssa) cece wstaistties ORR Rlolers ova cers 1926 170 y 2,999,323 358 
- 33,550 12,297 
Opelika:® Hendereontencetccstsse sch cick etilcnemcldacn 1937 | yyy y 12 405 6.91 : 
2 5 i 
Panola (Bethany)? Panay... cae. aurciciecteeen ace fee 1921 60) 23,000 97°437 8339 
Perctila, Houslattcc ctnc nit eves Caner a See cond 1937 lyy 7] 24,307 5,272 
Potter (Caddo) Mariano, cieeadio nanecorek cae eee 1905 980 0 7,654,722 28,327 
Pottaboro, Graysons, Ss. iakhectar kos o retle ree Late 1928 20) luyy 8,502y 1,331 
POW OLR NGNNIOS..7 das va simincs do oo ein ations a hae 1923 2,600 y 109,192,697 684,306 
Red Lakke;t Freestone: jptsnck cc. sve antbaenenienk al ate titer ce 1934 0} 3,yuy i 313 
Raden, ANGE sa'os can contyasn conecs seas raderiern 1939 1 60 
Riphland (Naenrtatesoctycwactuitat ae niet salen cals 1924 440 y 6,631,725 5,810 
Rodessa (Dees-Young), Cass............6.seeeeeeeneees 1935 | 5,010) 3,250 22,620,186 3,889,738 
OUCHMA | (OOVE)) UM OPLONs teers ncune his ebay OURAN Ceres tke 1937 | 4,035) 10,150 7,231,526 3,987,550 
Rodeasa(Gloya); Cased... catasi8< sPchy ccepbtvewketatek oles 1936 1,885 10,150 7,119,294 1,788,965 
2 9,700 434,300 
Radeiied Voted ta crema Soe tk ee, 10,930| 23,550 { ei bt tern o,beeaeen} 


> Footnotes to column heads and explanation of symbols are given on page 239, 


1 Distillate fields. 

2 Upper figure in column showing total oil , 
5 Includes Mildred, Angus-Edens, Hodge, 

6 Includes North rie, 
8 Includes production from Chireno and Jennings fields. 
10 Includes shallow production discovered and 
11 Production by horizons estimated, 


roduction is distillate production. R indicates recycling plant. 
urk Rice, Oil Ridge and Old Powell shallow. ee 


produced since 1923 in the Powell Woodbine producing area. 
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TaBLE 1.—(Continued) 


Total Gas Prod: net ‘ 
tion, Millions Cu. Ft, Number of Oil and/or Gas Wells | ygciprae, | Peparvelz Pressure, | Character of 
End of 1939 ‘ ven 
Pee) End of 106s. (eee 
, | ToEnd | During! og Sh Avg. at ||; 
S| of 1939 1939 “x ~~ |>e Initial End of |p; 
| B= |S] | z| wo bo 1939 ja .y +2 
3 es Salo eel) ass ue wo |3 ms & = 3 
Z mee Peale) Ce leet ce: ie Bese] BS 
2 Bias) 2. (83| 2 [se £2 he) 2 
8 Ba | 3/2 bal BS [Es] & [ES face| SS 
a OF | Se") Ae EP) oe | _ 6 ae) Ba 
1 y y 1/7 at 6 alee aa ee 61.0 
2 y y Sash G gw rob urd! 90 ; a bees 
3 y y oe Gas 48°) ol ol. \ asl, apo y | 38.5 
4 y y 8 Tis 0 2 3 0 2 y y 40.2 
5 0 0 b4y| Oly 54| o| o| 54 y y | 410 
2,185 | 1,8018 | 49.0 
6| 3,257 | 2,538 9) 2] 0 ap 3) oll Pee | aoe | ony 
7| 2,587 687 5| 1] 0 Oat BRAG 2,660 y | 64.7 
s| 61,561 | 15,942 | 296] 10) 0 257 | 39| 236] 21) 1,750 1,583 {33.8} 
9 y y Ti enOle 0 ok 0 ride y 57.0 
10} 2,022 | 1,059 Lie Ol 6 o| 1| of 0} 2,900 y | 62.8 
ret y y 2] o| 0 oo 0) ea} > 300 y | 29.3 
12 y y | 2,937y| 0] 21 625 | 0} 0] 625 y y | 27:5 
13 y y 54y| 0] 0 3) of = 0. 8 40.5 
14| 511,836y7 | 50,173y?| 26,725 | 382| 265 26,114 | 6| 19,307|6,807/ 1,620 | 1,066 | 39.0 
15 y y 20| 6| 4 Nol = Bl. ag) . 1308 Heil. 8720 
16 0 0 3| 21] 0 gaol Ol eS y y | 20.9 
17 893 522 10| 5] 0 ila 8 1.0 y y 1835) 
18 72 38 5 0; 0 0 5 0 0 875 y as only 
19 137 35 1.) O10 o| i] of} o| 2,200 y | 59.2 
20 0 0 iE Kol 0 ero a, oO S4 y y | 23.6 
21) 1,552 | 1,434 ne 3|" 40 0} 7} 0 0} 2,550 v 1 {aro} 
22 y y ad) 0 a ghee a) AP 613% y | 35.0 
23| 36,106 | 9,260 | 138] 26) 0 86 | 52] 86) 0| 2,440 | 2289 | {0} 
24 0 0 a0" at) 6 24) OWN, OL-2 y y | 29.3 
25 y y 8| sl 0 ele Gy Tl. 28 y y | 40.0 
26 y y | 552y| 0] 38 232 | 0| 0} 232 y y | 35.0 
27 0 0 4y| 0| 17 20} of 0| 20 y y | 23.0 
28| 2,700 | 2,600 24} 16) 0 19 | 5] 19] 0] 2,640 y | 36.0 
29 y y 75 (0) 1 0 0 1 a sf y ae 
30| 1,207 403 a8 di ve eg ee | Gr { oe \ dwalersers 
31| 147,973 | 2,487 | 262y/ | 15 tse) Oh Wiad y oe eet es \ 
32 637 142 1| o| 0 2 ol <i Vo y y | 41.0 
33 y y 60y; O| 4 20 0 0} 20 y y 40.0 
34 350 0 15| 0| 0 Sto 6) 231 300 y | 38.8 
35| 129,776y| 171y| 741] 1| 22 156 | | 0] 156) — 800y y aeagis 
36| 1,562 174 3 ee Olh20 0 | *3\-0} ~ ol. 1,855 y y 
a7 0 0 2| 2| 0 2/ 6 o| 2 y y | 23.0 
38 y i) $107 | 0) 0 aE Olle O| 38 y y | 38.4 
39| 74,511 | 13,433 | 278| 0} Oo 268 | 5| 179] 89] 2,700 942 | 42.1 
40| 18,019 | 12,308 | 165] 31) 0 154 | 11| 139} 185) 2,677 | 1,718 | 42.0 
41| 23.934 | 11,133 72| 0| 0 67 | 0| 41] 26) 2,700 79 =| 42.0 
42| 116,464 | 36,874 | 515 | 31] 0 489 | 16| 359] 130 


Se (en (ce eS (En Gn CREE Sunn nn I 
3 South Dome. 
4 North Dome. May 
7 Estimate of gas only that produced with oil. 
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TaBLE 1.—(Continued) 


. Deepest Zone Tested to 
Producing Formation Peind of 1939 
Depth, 
Avg. Ft 
j a 
3 Name E: 2 Name ‘ 
g % > 3 35 > sk, 
3 2 |2|2. |8.| a= 5 ee 
a : 6 13 |@2 |ae| Ga] 2 a3 
5 5 |-6 1 8| es ee leaa oa a 
| 
1 Glen R CreL 5 y 5,584) 5,611) 25 F Travis Peak 6,051 
2 Went oe CreU S y 2,992] 3,008} 15 F Woodbine 3,008 
3 | Woodbine CreU 5 25 ,632| 3,666) 34 Ds_| Fredericksburg 4,648 
4 | Cisco Pen §,L y 1,630] 1,683} 25 AF | Ellenberger 2,530 
5 | Basal Walnut CreL DL y ; Er : os A AF Trinity 1,800y 
6 | Woodbine CreU $ rr he ant baa \ D__| Washita Cre 6,300 
7 | Glen Rose CreL L 23 5,930) 5,940} 10 D Travis Peak 6,019 
8 | Woodbi CreU S 25 3,680} 3,758 78 AF Trinity 9,085 
9 jon Glen Rose CreL L y 7,600} 7,612 10 AF Trinity 7,612 
10 | Glen Rose CreL 8 y 7,435| 7,528} 10 A Glen Rose 7,528 
11 | Strawn Pen 8 y 3,848| 4,219] 20 ML | Strawn 4,219 
12 eps sare CreU 8 y 800} 1,260) 12-20 AF Woodbine 3,570 
Wolfe Cit; d 
13 Wealtne. i CreU SH 22 2,930} 2,990} 20 F Woodbine 3,646 
14 | Woodbine CreU $ 25 3,632) 3,665) 35 ay Paluxy 5,020 
15 | Woodbine CreU § 20 3,085} 3,105 10 AF Travis Peak 6,518 
16 ced Eoc i) y 2,186] 2,200 10 ML | Wilcox 2,265 
17 | Woodbi CreU Ss 25 | 5,975} 6,025) 40 A Woodbine 6,033 
18 Woodbine CreU SH 20 2,945) 2,960 15 F Woodbine 3,208 
19 | Woodbine CreU iN} 7] 5,458] 5,487) 29 Woodbine 5,487 
20 | Queen City Eoc 8 uv 1,458} 1,483 8 ML | Mt. Selman 1,490 
at Upper and Lower Glen lice, L y { fara eet te \ D__| Glen Rose 5,138 
22 | Woodbine CreU Ny) y 4,006} 4,010 4 F Woodbine 4,015 
23 | Woodbine CreU 8 25 | 5,170/ 5,250} 32 A Trinity 9,966 
24 | Buda, U Washita CreL DL y 1,250] 1,275} 10 F Edwards if 
25 | Tokio CreU L y 2,336] 2,346] 10 A Tokio 2,346 
26 | Woodbine CreU SH 25 3, 3,085] 50 F CreL or older 8,847 
27 | Weches Eoe SH y 100 ML | CreL 5,484 
28 | Woodbine CreU S  |a1-24} 5,874] 5,895 {oo ne \ D_ | Woodbine 5,983 
29 | Woodbine CreU s 25 yo ane co F Woodbine 3,509 
Glen Rose Lower f 8,180 on 
a Be veo pos ree CreL LS y { viol eoas| \ A | Travis Peak 9,320 
31 | Various? CreU §,L y 1,100} 5,700 40 A Salt 11,303 
32 | Woodbine CreU Ny} y 5,665) 5,670 5 A Del Rio, CreL 6,634 
33 | Nacatoch-Tokio CreU | 8 | 20/1 2 %oo/a'360] 18 }| A | Tokio, Creu 2,366 
34 | Trinity (Basal) CreL 8 y 830} 838 8 MU | Ordovician, or older | 6,004 
36 | Woodbine Ged | ‘a | oy] aesoleesol 26 | ok wen 51002 
ine ‘re f y : : ine ; 
37 | Wilcox Eoc 5 1,021) 1,032 8 ML | Wilcox 1,032 
38 | Woodbine CreU SH 25 2,975) 3,040} 20 F Glen Rose 5,414 
39 | Dees Young, L. Glen Rose | CreL L 17 5,794! 6,040} 25 F 
40 | Gloyd, L. Glen Rose CreL L 15 6,044} 6,094} 20 F 
41 | Gloyd, L. Glen Rose CreL 5, L 16 5,914! 6, 20 F 
42 Salt CreL or older | 11,484 


Ss 


® Nacatoch 1100 ft., gas; Buckrang 1700, oil; Barlow 2300, gas; Adams 2650, gas; Tiller (Paluxy) 2300, gas; Werner 3600, 
gas; Jeter (Glen Rose) 5700, gas; Pettit, gas. 


ee. 
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field accounted for 141,333,317 bbl., or 80.7 per cent of the district’s 
total production for 1939. December daily average production in the 
district was 509,312 bbl. East and East Central Texas accounted for 
approximately 36.7 per cent of the state’s total production for the year, 
which was 476,531,963 bbl. The importance of the annual production 
from this district is emphasized by the fact that for the year 1939 it 
represents 13.8 per cent of the annual production of the United States. 
The East Texas field alone accounted for 11.2 per cent of the nation’s 
annual production. 

The decrease in production in 1939 was largely due to proration 
restrictions and to the continuation of certain shutdown days each month. 
There were 115 shutdown days during the year in the East Texas field 
and 113 in the rest of the district. The entire district, except the Texas 

TaBLE 1.—(Continued) 


a 


1 

Area Proved, | ‘Total Oil Production, Bbl. 

Year 
Field, County of Dis- 
covery 
8 Oil | Gas’ | To End of 1939 | During 1939 
E| 
a 
oO 
A= 
i) 
43 | Rowe and Baker, Henderson...........--.+--+000+e0005> 1939 20 0 4,984 4,984 
44 | Shelbyville, Shelby...........2-0c cece eee e rere rece ees 1934 50 0 11,021 598 
45 | Sulphur Bluff, Hopkins............-.20-eeeeseee eee ees 1936 730 0 4,939,772 1,538,860 
AG)|Talco, Titus, Franklin. oo... 06.05.00 cscs c eee eae cee ss 1936 8,450 0 30,286,658 9,583,786 
47 | Trinity (Kittrel), Houston..........- 6. 00s ecs veers eens 1934 280 0 1,478,156 168,296 
48 | Van (Deep), Van Zandt...........0:-0cece cere eee e cere 1929 4,520 60 121,337,080 5,252,717 
49 | Van (Shallow) Van Zandt.............020c eres ence eee es 1933 200 0 262,755 27,709 
50 RES [ee oe on ICe CRTC ee teria 4,720 0 121,599,835 5,280,426 
Bill Waskom, Harrison. ...6 00.0 eee nee eccrine rece w tones 1924 1,500) 6,000 57,528 21,811 
52 | Willow Springs,! Gregg..........00020cec ener etree eeeee 1938 x y 5,750 3,882 
58 Wortham,15 Freestone...........-20202e cece een en eee e es 1924 715 0 22,556,759 30,203 
2,154,094 1,151,550 

26) TERT. Se net ee Renn Cee { 1,096'045'301 peor a0 


ABANDONED FIELDS 


55 | Beulah (Lee-Tex), Angelina..........-.-:2000005s 1935 | 1935 10 0 750 0 
56 | Camp Hill, Anderson. .......-..--+- sees reeees 1934 | 1937 200 0 286,414 0 
57 | Cedar Creek, Limestone...........-0++00eeee eee 1927 | 1930 30 0 297,945 0 
58 | Chatfield, Navarro...........0.--2¢e sere cence 1905 | 1910 0 150 0 0 
59)| Deberry, Pandla)..0.2..cc0ns ements esto tneecnee 1931 | 1932 100 50 29,166 0 
60 | Kosse, Limestone........2..000.0ce eee ee eens 1922 | 1922 10 0 33,000 0 
61:) Mount Calm, Hill... .ccete cies see clec en secs 1929 | 1939 x eB z 0 
62)| Post Oak) Paulsen. veic cece wou cee cic cine ois s ee cie 1924 | 1939 lyy 0 190,205 0 
63 | Rusk, Cherokee... WP 1 PA aly Seen ces Ad cis schoo 1934 | 1939 200 0 246,976 4,439 
Sib fsb vats Gol ee see posdedc 0.0 acne ano aaCerS 1932 | 1939 10 0 1,630 

GD MLACOMIR EANOIG= concrete bases cvelsieninss oleae sini 1933 | 1938 40 0 15,750 0 
66 | Witherspoon-McKie, Navarro........-.-+++++++++ 1915 | 1935 400 0 810,495 0 
67 Total Abd. Fields. ......c0...e2ccsirececie vie 1,912,331 4,439 


23154,094 1151550 } 
1,927,957,632 | 173,902,179 


15 Wortham Shallow discovered in 1912 included with Wortham. 
16 Oil production from Texas Railroad Commission records. 
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portion of the Rodessa field, was affected by the shutdown orders. In 
the latter part of August, a 15-day shutdown was imposed on the six Mid- 
Continent oil-producing states by each state’s respective regulatory 
body. Certain wells were exempted in several states from the shutdown 
in order to prevent physical waste and to ensure a supply of domestic fuel. 

Completions in the East Texas field declined from 1703 in 1938 to 
382 in 1939, which may be attributed somewhat to changing the method 
of allocating well allowables. It is interesting that on Jan. 1, 1940, there 
were 26,114 producing oil wells, which is believed to represent the peak 
number of producing wells in the field. 

The outstanding proration event was the changing of the allocation 
method in the East Texas field from a per well marginal plus potential 


TaBLE 1.—(Continued) 


Oil-produc- 
Total Gas Produc- : tion Reservoir Pressure, Character of 
tion, Millions Cu. Ft.| Number of Oil and/or Gas Wells | Methods, Lb. per Sq. In. Oil 
End of 1939 
During Number of 
1939 End of 1939 Wells 
ToEnd | During sie Avg. at |; 
&| of 1939 | 1939 | 23 be Initial | End of ja, 
g B= 8 B lee Fi bo 1939 |<. 2 
Z Ss /B/si|§8\ 8 [s | v |S phe) os 
a Be | |e as! Be 5%| Ee |se $S-25| 2c 
g #5 |8|8 \84| 25 (25| & |#5 EzE<| sé 
es OM |O]< je?) ao (eo) & 54 i Oe 
43 y y 2| 21 o 3 10 o| 2 y y 31.7 
44 y y 2 0} 0 1 0 0 1 y y 37.0 
45 y y 741 Oo] Oo 74 | O| 12] 62] + 1,900 y 22.4 
46 y y | 693) 36] 39 685 | 0 3| 682] 1,920 975 20.6 
47 443 50 20} 4) 0 16 | 0 1] 15) 870 24.0 
1,230 | 1,11218 
48 y y | 574] oO} O 56212) 3] 338] 224 6244 | 34.0 
49 y y Si) ee Olecea 30 | 0 0| 30 y u 31.0 
50 y y | 605) Oo} 1 592 | 3] 338] 254 y y 
51| 98,923 | 3,089 | 226y) o| Oo 20 | 79 0} 20 y y 28.0 
52 514 313 Pe) ae o| 2 0} 0} 2,870 y 56.9 
53 y y | 322] Oo] 0 101. Oly 4-0) a8 {370 
54 |1,120,522y |127,991y | 34,648 | 543] 426 29,560 | 381| 20,378) 9,182 
55 0 1 0 200y 24.0 
56 u 10y 0 1,950 40.6 
57 y 14 0 
58| 4,750 15 0 250 pie 
59 x 22 0 757 46.0 
60 0 1 0 x 32.0 
61 x 2 1 £ 31.3 
62 0 25y 0 x 33.0 
63 0 5 2 z 42.0 
64 0 2 1 x ‘ 34.2 
65 0 3 0 x 46.0 
66 0 85 0 z 19.0 
67 185 4 ; 
68 |1,125,272y |127,991y | 34,833y| 543] 430 29,560 | 381| 20,378] 9,182 


12 Three wells producing from Sub-Clarksville. 
13 Brown sand, id wat 
M4 Bentonitic sand, 
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basis to an allocation formula that considers for each well: acre-feet of 
productive sand, reservoir pressure, and well potential in addition to 
a marginal allowable of 20 bbl. The ultimate outcome of the present 
method of allocation in this field is still undetermined early in 1940, as 
the question is on appeal to the United States Supreme Court. 


RECYCLING PROJECTS AND SALT-WATER DISPOSAL 


No additional recycling projects were completed during the year 1939 
in any of the fields in this district, but early in 1940 two recycling plants 
were under construction—one in the Cayuga field, Anderson County, 
by Tide Water-Seaboard, and one in the Grapeland field, Houston 
County, by the Lone Star Gasoline Company. 

Disposal of salt water by use of injection wells completed in the 
lower Woodbine sand in the East Texas field was adopted by more and 


TABLE 1.—(Continued) 


. : Deepest Zone Tested to 
Producing Formation End of 1939 
Depth, 
Avg. Ft 
3 ame S S Name 
E See) Pa se ie st 
fe > a % ae g3| op 3 ee 
i=} = 2 ~ 
5 LP Bases eta ool el ea BF 
43 | Woodbine CreU 8 y 3,140) 3,149 6 F Woodbine 3,149 
44 | Blossom CreL §,L y 2,690] 2,700} 10 ML_| Georgetown 3,400 
45 | Paluxy CreL 8 25 4,487| 4,523) 36 ‘AF | Glen Rose 6,600 
46 | Paluxy CreL 8 20 4,200] 4,300 35 AF Glen Rose 5,903 
47 | Carrizo Eoc iS) y 1,995) 2,013) 10 Ds Salt dome material 3,855 
48 | Woodbine CreU 8 y 2,682] 2,950} 268 AF 
49 | Nacatoch CreU 8 y 1,200) 1,220) 20 AF 
50 Travis Peak 7,501 
Nacatoch 
51 | < Blossom CreU, L |S, SH, L y 800] 4,650) 15-40 A Glen Rose 4,980 
Glen Rose ' - 
52 sn a CreL 8, L y er ce “ Lower Marine 10,284 
acatoc ; 
53 | { Wrodbine cred | 8 | 25 | f B81 Fazo gg f|  F | Glen Rose 4,825 
54 
55 | Queen City Eoc 8 fy 2,045} 2,053 5 Shallow | Carrizo 2,324 
56 | Sub-Clarksville (Eagle CreL §, SH y 5,054| 5,059 5 AF | Lower Glen Rose 8,383 
Ford); Woodbine , 
57 | Woodbine CreU SH 25 | 2,885} 2,940} 10 F Woodbine 3,310 
58 | Corsicana (Wolfe City) CreU 8 £ 880} 1,020} 138 A Woodbine 3,057 
59 | Blossom CreU SH y 1,990] 2,087 y ML _ | Blossom 2,125 
60 | Unknown z a z 213,700 z Crev. | Glen Rose 6,056 
61 | Austin CreU C = 607| 700 8 F Travis Peak 3,398 
62 | Buda CreL L y 1,025] 1,046; 10 F Trinity. 3,567 
63 | Woodbine CreU § 20 5,120] 5,125} 10 MU_| Woodbine 5,302 
64 | Buda CreL L 20 1,000] 1,160} 20 AF | Glen Rose 1,409 
65 | Blossom CreU 8 y 2,073] 2,085} 10 Shallow | Blossom 2,302 
66 | Nacatoch CreU NS) 14 825| 875} 19 AF | Woodbine 3,480 
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more operators during the past year. In March 1940 the Texas Railroad 
Commission promulgated an order whereby the allowable of oil wells 
converted into salt-water disposal wells would be credited to the remain- 
ing producing wells on the lease, provided an official Railroad Commission 
test of the wells made prior to their conversion indicated that they were 
capable of producing oil. 


PricE CHANGES FOR CRUDE OIL 


Cayuga Field—The Pan-American Petroleum and Transport Co. 
increased the posted price of crude oil from $0.68 to $0.78 per barrel 
effective Oct. 4, 1939. 

East Texas Field.—The price of crude oil ($1.10 per barrel) remained 
steady until August, during which month a price reduction to $0.90 per 
barrel was made by some of the purchasing companies. This price 
reduction preceded the general shutdown throughout the Mid-Conti- 
nent. About Sept. 1, 1939, some of the purchasing companies restored, 
on a gravity basis, a posted price of $1.10 per barrel for 39° A.P.I. gravity 


TaBLE 2.—Summary of Drilling Operations in East and East 
Central Texas 


Discoveries, Extensions, and Important Wildcats Drilled during 1939 


Field County Drilled By ii pices Survey a —— 

Aa ROG and 5. fa i tetinen meet Angelina K. L. McHenry 1, J. S. Russell | A. Flores Wilcox 

21) Batvon. cs ccams sarees are sis Limestone | M. Samuel et al. 1, C. Barron W. McKinsey | L. Glen Rose 
3] Marion Co. Shallow............ Marion J. D. Reynolds 1, Terry Est. W. Coore Tokio 

4| Rowe and Baker............... Henderson | Tyler & Smith 1, Rowe and J. Childers Woodbine 

Bil DASOUUOS. circ cackieectenitt soma Navarro Topaz Oil Co. Pw, Trammel | A. C. Kyser | Woodbine 

6 | Navarro Crossing............5. Leon Humble Oil & Ref. | 1, Ed. F. Swift | H. Sublett Woodbine 

7 | Cayuga (Trinity)........ .| Anderson | Barnsdall 2, W. L. Tubbs Trinity (GR) 
8 LAS chat ences dco eae a Henderson | Tidewater et al. 1,5.5. McGee |S. R. Acosta | Glen Rose 

9 Smith Texas Co. 1, A. Scritchfield | D. Page 
10 Hunt Westmount Oil Co. | 1, Clark W. Williams 


and above; this price was equivalent to restoring the price of East Texas 
oil which has an average gravity of 39° A.P.I. Early in October all of 
the purchasing companies posted a flat price of $1.10 per barrel. 

Sulphur Bluff Field —At the beginning of 1939 the American Liberty 
Pipe Line Co. posted a price of $0.55 per barrel. This price was 
increased to $0.65 on Oct. 2, 1939. 
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Talco Field —The Humble Oil and Refining Co. increased the posted 
price of crude oil from $0.55 per barrel to $0.65 on Oct. 2, 1939. 


CONSTRUCTION OF Pier LINES 


The Stanolind Pipe Line Co. completed 35 miles of 6-in. and 8-in. 
combination crude-oil pipe line from its Bullard station in the Cayuga 
field to its Bullock station, near Mexia, Limestone County. 

The Navarro Crossing field, Houston County, was given a pipe line 
outlet by the completion of Humble Pipe Line Company’s 26-mile 4-in. 
line, which connects with Humble’s trunk line at Fairfield Station, 
Navarro County. 

Sinclair-Prairie Pipe Line Co. completed 10 miles of 6-in. crude-oil 
pipe line from the Long Lake field, Anderson County, to its 12-in. main 
line between Red Lake and Palestine. 

A 4-in. gasoline line 26 miles long, connecting the Cayuga and Long 
Lake fields, Anderson County, was completed by the Tide Water- 
Seaboard companies. 


TaBLE 2.—(Continued) 


Dee 


Discoveries, Extensions, and Important Wildcats Drilled during 1939 


Initial Produc- Pressure, Lb. 
tion per Day tan per Sq. In. 
Total Deepest |————————_| Bean, | -————— 
Depth Com- | Depth, Surface Horizon Frac- Remarks 
pleted, Ft. +, | Formation Tested Oil Gash tions 
U.S aa of an | Cas- | Tub- 
ce 10ns ing ing 
Bl. Cu. Ft. inch 
1} 1,021-1,032 1,032 | Cook Mt. | Wilcox 3 Pump 95 per cent water, 23.0° 
r gravity A.P.I. 
2 5,584-5,611 6,051 | Midway | Travis Peak 32 4.0 34 1,875 | 375 |61.0° gravity A.P.I. 
water-white distillate 
3| 2,836-2,346 2,346 | Wilcox Tokio — 20 Pump 40.0° gravity A.P.I. 
4} 3,140-3,149 3,149 | Wilcox Woodbine 70 Pump 88 per cent SW., 31.7° 
2 gravity A.P.I. 
5| 2,992-3,008 3,008 | Alluvium | Woodbine 603 34 550 | 310 | Extension to Flag Lake. 
42.0° gravity A.P.I. 
6 |Perf. 5,841-5,842| 5,906 | Claiborne Woodbine 106 1.5 2 | 1,825 | 1,700 Bee os 36.0° grav- 
ity A.P.I. 
ch 7,600-7,612 7,612 | Wilcox Trinity 40 57.0° gravity, new sand 
8 8,170-8,180 8,216 | Wilcox Trinity 436 7.892 vO) 1,900 | 1,625 eles ade Acps ls. 
stillate 
9 8,100 | Claiborne | Trinity D.& A. oe south of Tyler, 
. Texas 
10 5,314 Paleozoic D.& A. : 1 mile northwest of 
Celeste, Texas 


In Proved Fields | Wildcats 


Number of wells drilling Dec. 31, 1939.......... 6-00. .e esse reer se eeeee es 36 17 
Number of oil wells completed during 1939............---..+2+s-0sseeeeeees 507 4 
Number of gas wells completed during 1939...........-.-. 222+: 00025 eeeees 31 1 
Number of dry holes completed during 1939...........-....+++ssssessseeees 149 108 
Total wells completed during 1939.........-.----.+-0. 2-20 eee ree seers eees 800 


SE See ee ee aa 
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TaBLE 3.—Production Statistics, East Texas Field* 
Average Reservoir ‘ono Bhi Number of 
Date Ere ae se, Ft., ret eG al.) Geos ican 
Jains, 22.55 cal Bran eerie ane 1,106.78 11,885,562 8 
Febo ll] sre cacti ote eral 1,106.35 10,374,983 8 
Mart’ 18.2 2088 ine cote ¢ 1,100.63 11,919,334 8 
Aprcl4.t, hou oot ones eee 1,100.79 12,930,841 5 
Maye loan > vadericpnie 1,087.53 12,940,313 6 
June 10 1,086 .04 11,385,120 8 
Jatiyhlilerarte, sree pacino ae 1,083 .22 11,869,691 8 
Alig baeie canis coher: 1,083 . 42 6,297,693 19 
Septem calc eee ae 1,108.89 12,032,782 11 
Ootir Saas fe ants. See eee 1,091.42 13,691,524 11 
NOVicS: cctuittocitts fered aera 1,070.88 12,989,799 ll 
Dec. 8 1,066.46 13,015,675 12 
Average 1,091.03 | Total 141,333,317 | Total 115 
@ Data from Texas Railroad Commission. 
TaBLeE 4.—Recovery Data on Older Woodbine Fields 
as of January 1, 1940 
Cumu- 
C lative Net eee 
1 = 
Field County Demet. Proved Thick- | Acre-Feet tion, 
Bbl. cres | ness, Ft Bbl. per 
Acre- 
Foot 
Boggy Creek .| Anderson 4,774,860 960; 34 32,640) 146 
Cayuga...... Anderson and 13,620,474 4,000) 78 312,000 44 
Henderson 
CHITTIG eres Navarro 6,828,359 475; 20 9,500} 719 
East Texas...| Cherokee, Gregg, | 1,441,790,477 | 136,000} 35 | 4,760,000) 303 
Rusk, Smith, 
and Upshur 
Mexianane teed Limestone 96,669,173 3,920) 50 196,000} 4938 
Nigger Creek .| Limestone 2,999,323 170 15 2,550) 1,176 
Powell.23.)- Navarro 109,192,697 2,600} 40 104,000; 1,050 
Richland..... Navarro 6,631,725 440) 20 8,800) 754 
Van (Deep). .| Van Zandt 121,337,080 4,520} 268 | 1,211,360} 100 
Wortham. ...| Freestone 22,556,759 715 35 25,025) 901 
Cedar Creek*.| Limestone 297,945 30 10 300) 993 
RUSK. a pine Cherokee | 242,537 200 10 2,000} 121 


@ Abandoned. 
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bei Ady Hunt, Inc., secured a distillate and crude-oil outlet for the 
Chapel Hill field, Smith County, by completing 8 miles of 3-in line. 
The terminal for that line is Overton. 
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(Texas Railroad Commission districts 5 and 6.) 

The Magnolia Pipe Line Co. completed a 182-mile combination 4 and 
5-in. butane line from its Kilgore station in the East Texas field to its 
Beaumont refinery in Jefferson County, on tide water. In addition, 
several gathering lines were laid to gasoline plants in the East Texas 
field to supply this line. 

The new Barron field in Limestone County was given a gas outlet 
upon the completion of the Lone Star Gas Company’s 10-mile, 6-in. 
extension line to its system near Groesbeck. 
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Oil and Gas Production on the Texas Gulf Coast during 1939 


By Perry Oxucorr* 


(New York Meeting, February 1940) 


Tuer Texas Gulf Coast had a rather disappointing year in the type of 
oil fields found. Although 17 fields were found in the area during the 
year, as against 21 fields in 1938, no field of major proportion was dis- 
covered. Of these 17 fields, 11 were oil fields, 4 were gas and distillate 
fields, and 2 were gas fields. 

The wildcat activity for the year resulted in about 400 dry holes, 
although probably 10 per cent of these were edge wells close to proved 
areas. During the year, 1455 oil and gas wells were completed as com- 
pared to 1637 wells in 1938, a decrease of 11 per cent. 

Production for the Texas Gulf Coast area for the year was 100,253,937 
bbl. as against 92,530,467 bbl. produced in 1938, an increase of 8 per cent. 
The daily average production was 274,668 bbl. for the 365 days in the 
year, although only 252 producing days were allowed by the Railroad 
Commission; that is, 69 per cent of the time as compared to 71 days 
shut in for 80 per cent of the time producing in 1938. 

The total number of oil and distillate wells producing at the end of 
1939 was 9495 as against 8451 at the end of 1938—an increase of 1044 
wells, or 12 per cent. Of these wells, 6547 were flowing and 2948 pump- 
ing, or 69 per cent flowing. At the end of the previous year, 66 per cent 
of the wells were flowing. 


New FIEeLps 


Angleton, Brazoria County.—The Angleton field was discovered by 
the completion of Glen McCarthy’s No. 1 Carr in October for an initial 
production of 180 bbl. a day of 50° gravity oil through 11¢4-in. choke 
with 3400 Ib. on tubing. The field is 114 miles east of the town of 
Anchor. The discovery undoubtedly can be credited to the reflection 
seismograph, since several companies worked the area from 1933 onward 
with this type of exploration. The principal block was taken by the 
Humble company in 1934. Two deep holes by Humble revealed the 
presence of structure, although both were dry. The Humble and Sun 
companies later contributed money and acreage toward the drilling of the 
discovery well. The production is from a sand in the Frio, about 1700 ft. 


Summarized at meeting; manuscript received at the office of the Institute 
April 5, 1940. 
* Humble Oil and Refining Co., Houston, Texas. 
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TaBLE 1.—Oil and Gas Production in Texas Gulf Coast 


Pencad Total Gas Produc- 
Area Proved, | Total Oil Production, Bbl. tion, Millions 
: u. 
Field, County e | 
> 
5 3 : To End of During | To End | During 
q ro Mata aries 1 1939 | of 1939 | 1939 
z s 
2 a 
Ll Aldine Harts ce vsaes sists ss ooh ooh 1939 20 200 16,063 16,063 None None 
2} Allen, \Brasortac.cst onan dias alasante 1927 10 0 88,598 1,000 63 z 
S| AMONG, EN EPSON: oc see saeleeit ee sislepses 1936} 1,230 0 3,617,017 950,000 2,109 6001 
4| Anahuac, Chambers...............0+55 1935) 6,745 0 12,728,206 2,600,000 8,640 1,500! 
5| Angleton, Bragorta........0.0.00++--5- 1939 200 | 1,000 16,000 16,000 0 
6} Aransas, Aransas, San Patricio......... 1936} 4,000 0 5,937,625 3,084,000 | 11,848 5,0001 
TPATIOMS, JE Ar atecs ars amie stexrum eat the ots 1932 100 0 1,926,971 80,395 12 62 
8} Armour, Matagorda. . oy. 1938 100 0 92,489 50,000 26 z 
9| Bammel, Harris.. Se Aaah dab goes 20 450 127,906 115,056 None None 
Barber’s Hill, Chambers: 
10 B QOD G eet ot octane Sac pattens 1928 580 0 64,895,306 3,181,155 None None \ 
1 2,300 Pte shin aisteke ne fe els ore 1916 70 0 1,735,214 None None 
Batson, Hardin 
12 4:890-8;600;£6...%.+,.01 teneen one 1934 405,000 z z 
600 y 39,460,562 
13 350-2;600 ftiiisiels once eels si 1903 208,000 x z 
14] Bay City (Van Vleck), Matagorda.........|1984) 1,200 0 2,708,777 860,025 zr 0 
AS] Beeville: Bees, c<0a cis ach at anita stains 1935 20 0 1,000 1,000 z £ 
16| Big Creek, Ft, Bend.) vic. ce omens 1922 200 0 9,766,005 175,000 x x 
Depleted 
LP Big TU Pep er sort sivas taoaiaeeniestoie inte 1923 10 0 13,853 | dur. 1924 r 0 
Depleted 
18} Big Hill, Matagorda.................. 1904 15 0 210,906 | dur. 1925 y 0 
19} Blue Ridge; Ft. Bends Sy icigoin as siew es 1919 350 0 11,111,204 281,658 0 0 
20) Boling; Whartontatic auctor ss aentselos 1925 304 0 6,721,661 555,000 500 £ 
21| Bonnieview, Refugio.................. 1939 50 0 5,000 5,000 7 zr 
22| Brenham, Washington, Austin.............|1926 60 0 366,789 11,000 = z 
23| Brookshire, Waller..............00005 1934 50 0 22,314 1,000 12 zr 
24| Buckeye, Matagorda.................. 1932 50 0 726,143 32,855 730 40! 
25] Burnell (South), Karnes............... 1937 330 210 679,244 232,000 1,907 5001 
26] Buttermilk Slough, Matagorda......... 1939 20 0 999 999 0 0 
Bi | CROBAl BGR mcsdish oie pantie estos aan 1934 285 185 883,687 60,000 2,600 4001 
DSi Call, Netston: otc vecanie tants os vue ewes 1937 100 0 15,376 0 5 0 
29] Caplen, Galveston.........6....0.000 ee 1939 200 0 40,700 40,700 0 0 
30| Cedar Point, Chambers. .........0.... 1988 410 0 391,249 278,000 300 1501 
Bl) Cheek, Jeffersons... 6.5 ieee -deev seus 1937 100 0 66,316 ,000 50 161 
32] Chriesman (Red Bank), Burleson... ... 1938 50 0 9,531 5,000 0 0 
33) Chocolate Bayou, Brazoria............ 1939 100 0 2,000 2,000 x a 
34| Citrus Grove, Matagorda.................}1989 0 | 1,800 0 0 Shut in 
35] Clam Lake, Jefferson. .........6.0 0005 1937 100 0 86,596 52,000 65 301 
36] Clay Creek, Washington.............. 1927 400 0 4,314,196 171,391 r z 
37| Clear Lake, isise van ont Bee Ok 1938} 1,500 0 177,429 140,000 750 724! 
38] Cleveland, Liberty..............0e 0 ee. 1933 400 0 1,179,762 110,000 702 601 
39] Clinton, Harris JOE Ra 1936 140 0 174,190 80,000 1,581 500! 
40| Coletto Creek, Victoria............... 1934 500 0 1,024,802 126,000 1,000 150! 
41] Cologne, Vikan gests aR As. 1939 0 640 0 0 226 226 
42| Conroe, Montgomery. . a oaitnie sc suns | LOO Re SOLO 0 | 107,574,432 9,315,000 | 68,045 3,000! 
43} Cordele, Jackson.........0.ceeceseeas 1938 320 0 803,539 90,000 r x 
Cotton Lake: 
44 6,302 ft., Chambers............-.. 1936 1,000 576,383 124,193 
45| Cotton Lake So. 6,502 ft., Chambers.......|1937|§ * y 951,651 482,356 \ ss rs 


» Footnotes to column heads and explanation of symbols are on page 239. 


1 Estimated, 


ee 
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TaBLE 1.—(Continued) 


Number of Oil and Oil-produc- Reservoir Pressure 
umber of Oil and/or Gas Wells vie paren Lb, per Sq, In. i Character of Oil 
% 
fo} 
i Number = 
During 1939 End of 1939 of Wells 3 ant 
eh Come Avg. at é exes Sulphur, 
a pleted | 3 | BE Initial End of a 60°F. Per 
tiiorad| = | 2 | #8 |e a 2 1939 | S | Weighted | Cent 
| of 1939 | & 3 lay |e Ss a |-s Z Average 
2 ¢ ? g a | gels x 32 |E | ge = 
. ° — 
sa 8 | 2 |e@\zo|Eo| 2 | SA e 
1 2 2 | None iL 1) None 1 | None £ z 37 
2 5 0 © 0 1 0 0 200 0 34.3 
3 119 af 0 1 115 4 115 0 925 x 29.2 
4 320 41 0 x 302 10 299 3 3,260 2 34.4 
5 1 1 0 0 1 0 1 0 x z 50 
6 286 144 0 x 264 2 240 24 2,200 x 42 
4 7 15 0 1 0 ll 0 11 1,400 2 30-34 
8 5 0 0 2 3 0 3 0 1,000 z 
9 14 10 | None 6 1 i 1 | None £ x 58 
« 10 398 6 16 3 158 0 28 130 296 z 30 27 None 
11 x z z 
12| 1,004 3 12 x 21 0 5 16 x a 38.1 
4 13 185 0 | 185 2 y 
3 7,450-3,347 
, 14 38 6 0 0 38 0 37 1 oe a 0 36.3 0.087 
8,450-3,890 
15 1 0 0 0 0 0 0 0 zr 4 
= 16 83 0 0 0 23 0 0 23 400 2 28 
17 6 0 0 0 0 0 0 0 x x z 
18 3 0 0 0 0 0 0 0 x x x 
19 205 4 15 0 47 0 2 45 Variable 0 26.0 0 
20 171 5 0 0 89 a 30 59 x 7] 28.3 
4 21 2 1 0 0 1 1 1 0 x “pnd 55 
22 66 2 0 0 24 x 0 24 x 2 17 
23 I 0 0 0 1 0 0 by 100 2 24 
24 3 0 0 0 3 0 3 0 1,045 y 38 
25 43 0 0 0 33 6 21 12 1,425 & 47 
26 i i! 0 0 1 0 1 0 un Fi 0 44.8 0.03 
; as 
“ 27 42 0 0 0 18 8 0 18 315 2 22 
j 28 1 0 1 0 oO 0 0 1,475 0 39.6 
om 29 4 4 0 0 4 0 4 0 3,300 0 31-34 0.08 
4 30 13 5 0 0 13 0 13 0 2,750 £ 36.9 
4 31 3 0 0 3 0 0 0 0 2,950 x 
é 32 1 0 0 0 1 0 1 0 x x 0 35.5 
4 33 1 1 0 0 1 0 1 0 x x 51 
4 34 3 3 0 3 0 0 0 0 1,500 1,500 0 
~ 
- 35 9 6| 0 0 ae 7 0 2,500 x 22 
‘9 36 67 0 0 2 50 3 1 49 x 2 0 24.7 
“4 37 33 29 0 0 23 1 22 1 650 x 26.4 
. 38 22 0 1 0 11 4 11 0 2,400 x 39 
39 16 5 0 0 8 2 6 2 4,800 x 2% 
§ 40 27 0 0 0 20 4 17 3 x ns 
j 41 3 3 0 1 0 2 0 0 1,100 1,100 
42 983 1 0 0 942 3 916 26 2,275 2 38 
43 48 33 0 0 42 6 42 0 80-340 2 22 
44 54 16 0 0 9 0 9 0 1,050 x 30.2 
- 45 36 0 36 0 1,050 & 30.2 


2 Pumping. 
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TABLE 1.—(Continued) 


: Zone Tested 
Producing Formation Dee are 
Depth, Avg. Ft. 
Net 
% Char- | Poros ‘Bepiae Struc N ey 
ar- | Poros- SS, ame 
4 ers Age? | acter! ity? | Top | Bottoms rey ture’ _s 
Zz Prod Pr Ft. ; 
2 Zone Wells 
a 
1| Eponides Yegua Eoc Sand} 34 6,822 6,831 10 D Cook Mtn. 7,665 
2 iinet Mio SH | Por 5,030 10 Ds Mio 5,958 
3| Frio Olig 8 Por 6,745 6,780 15 D Frio 8,261 
4] Marginulina, Frio Olig 8 Por 7,000 7,085 60 Df Frio 8,749 
5| Frio Olig Sand | Por | 10,000 10,500 z D_ | Frio 10,538 
6] Marginulina, Frio Olig S | 25-34) 6,544 7,313 20 Ny | Frio 8,889 
7| Miocene, Frio Mio, Olig} S$ Por 2,992 4,400 50+ Ds Yegua 6,743 
8| Marginulina, Frio Olig 8 Por 6,620 6,624 4 N Frio 7,531 
9| Cockfield Eoe 8 Por 6,185 6,200 Dsf | Wilcox 10,573 
10} Miocene, Frio Mio, Olig} § 30 3,450 6,690 80x Ds 
11] Pliocene’ Miscene | PuCMc’| 8 | Por | “goo | 2300 | a2 | Ds |} Jackson ot 
12} Mid-Olig, Yegua ee 8 Por 5,470 5,500 30 Ds 
i, Mio 
13|Cap Rock, Lissie, | Pre-Ter | L | Cav 1,250 y Deahigen — 
Lagarto 
14| Frio Olig SH 27 fps Various | Various D Vicksburg 11,467 
3 
15] Cockfield Eoc 8 Por | 4,825 4,832 7 F cae Saline 6,013 
ayou 
16 a) Mid-Olig, Mio-Olig} SH | Por 3,850 54 Ds_ | Frio 8,273 
io 
17| Pliocene, Miocene Pli, Mio 8 Por 2,500 10 Ds Marginulina 6,742 
18| Cap Rock, Miocene aa Lz a 862 = Ds z 3,807 
io ‘or 
19| Mio, Mid-Olig, Frio | Mio, Olig] §S 30 ra gis 60 Ds Epon, Yegua 5,319 
20 ioe ae Mid-Olig, L, SH poe } ain as 60 Ds Vicksburg 6,281 
21| Frio Olig Sand | Por 4.200 5.250 15 T? Frio 6,510 
22! Oakville, Cockfield Mio, Koc} SH | Por { 1 4 1 te} 10z Ds Carrizo 3,930 
23] Frio Olig 8 Por 2,955 2,974 16 D Hockleyensis 7,215 
24! Frio Olig SH | Por 7,831 7,926 60 D Frio 10,503 
25 Cockfield (Pettus) Eoc S Por 3,617 3,674 12 DF Cockfield 3,936 
26| Frio Olig Sand} 20 7,850 7 Df Frio-Olig 9,558 
27| Cockfield (Pettus) Eoc 8 Por 3,021 3,039 15 DF | Saline Bayou 4,230 
28) Cockfield Eoc 8S | Por | 6,908 6,918 10 NF | Yegua 7,380 
29} Discorbis Olig 8 25 7,350 7,500 40 Ds bia Discor- | 8,012 
is 
30| Frio Olig 8 35 5,950 6,000 3-5 Ds__| Lower Olig 8,505 - 
31] Frio, Vicksburg Olig, Eoc} § Por 7,690 |7,725-8,565| 10 MF | Vicksburg 8,841 
32| Edwards Cre. LS_| Por | 6,167 6,172 5 F Edwards 6,172 
33| Frio Olig Sands} Por 9,800 D Frio 10,385 
34! Oakville Mio Sand | Por 3,550 4,175 85 A aa Upper | 5,809 
: : 1g 
35] Miocene ‘ Mio 8 Por 2,387 6,000 20 Ds Frio 8,198 
36) Claiborne, Wilcox Eoc SH 1,180 1,250 120 Ds Wilcox 8,306 
37| Frio Olig Sand | 25 5,442 6,100 40 D Frio 7,593 
38| Cockfield, Yegua Eoo 8 15 5,700 5,900 8 MF | Cook Mtn. 10,075 
39 ort Frio, Cock- a Olig,) § Por 3,200 8,100 50 D Cockfield 8,783 
e ‘oc 
40] Catahoula, Frio Mio, Olig} § Por 2,861 2,880 10 MF | Frio 5,368 
41| Catahoula, Frio Olig 8 Por 2,860 4,850 25+ NF | Vicksburg 5,168 
42) U. Cockfield, Conroe | Eoo 8 27 5,000 5,150 14 D | Wilcox 9,040 
43] Miocene, Catahoula | Mio 8 Por | 2,654 2,753 15 Df | Vicksburg 5,177 
44) Marginulina Olig Ny Por 6,302 6,310 5 Df . 
45| Marginulina Olig S | Por | 6 \ Frio 7,019 
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= | Line Number 


Area Proved, 


Total Oil Production, Bbl. 


Total Gas 


Produc- 


tion, Millions 
shcree Gu. Ft. 
Field, County ral 
o 
> 
°o 
2 Oil Gas To End of During To End | During 
A ee 1939 1939 of 1939 | 1939 
a) 
3 
OH 
Damon Mound, Brazoria................ 1915 10 0 9,536,217 97,000 x x 
Danbury, Brazoria.............+..000005 1929 200 20 284,027 155,000 267 80! 
Diamond Half) Goltad 22 ..4 .c.c.cc. cones 1936 240 0 351,039 66,979 | Inc. with Refugio- 
Hate e 
Dickinson, Galveston............0.+++-00+ 1934} 2,500 0 5,292,974 1,611,726 | 19,300 4.5001 
DTG Oa POOL son ob on oan saeeosnncees 1935 50 20 71,421 6,945 37y 
Dirks, Bee... .. eisfolh eieteissalele fos) </ore s/s)riei= == 1934 865 0 5,051,338 599,000 z % 
Hast Placedo, Victoria.............0.006 1937 300 0 235,869 132,000 100 481 
Edina 0 OCKhESOII. om ra cahimicinatoe sane oak 1937 100 0 1,000z 1,000 x z 
Msnerson, WADE oe leteieys ciwieie cra clare cies ateiels 1929 650 0 5,813,765 530,782 0 0 
Bureka Heights, Harris..............00+: 1935) 1,054 60 1,311,332 1,056,201 6,990 4,296 
Mairbankss; EGryt8.lo.:0< vice sate einscle) acto e eels 1938} 3,160 | 1,300 3,430,070 2,615,898 1,530 
SMBS CH CFEON 2 fea. c aoe ie sres Shes we 1926 105 0 2,558,436 ,000 1,234 30! 
Wanntiay\Qousades. org wz iave mporeiaw olarecivtedeesiei z z 0 0 x z 
Fort Merrill, Live Oak 50 0 27,276 0 B 0 
Francitas, Jackson 1,000 0 72,231 70,000 x z 
Ganado, Jackson 200 34,072 12,000 9312 74x 
Garwood, Colorado 40 0 6,434 4,000 & x 
Gillock; '\Galvestoits.ccacastn seine eee 1936) 1,650 0 3,398,656 1,755,529 3,643 2,000! 
Goose’ Creeks artis yrs. cecis « estewjeleiscn ars 1912 910 0 77,319,931 625,000 x x 
Greens Lake, Galveston............0000005 1936 10 160 38,072 3,145 
Greta RE] UGIO ciate wicto ways cisia sis ¢)eies0.s\eiaieie(eele 1933) 5,414 | 1,050 24,409,724 1,964,000 | 17,250 1,500! 
Hamman, Matagorda...............0+-+ 1936 400 0 1,653,036 910,000 x x 
Hankamer; Liberty ....<.<<0.¢ 22002 acc ceccns 1929 445 y 5,698,154 369,676 x £ 
Plardiny Libertificscse ssc ce ccc cic sesncess 1935] 3,000 20 4,217,602 | 2,180,000 6,074 2,000! 
iiarsennorl Benenden isto 1935 20 Included with Pettus x c 
Hastings, Brazoria..........-..00cceeeees 1934) 5,500 0 22,132,141 304, 8,419 2,100! 
Hawkinsville, Matagorda.............+-+- 1936 50 0 3,616 0 x x 
[evsersCalnoun jeri aati siee eee 1936) 4,000 0 8,202,673 3,474,000 5,475 2,800! 
High Island, Galveston 225 0 16,065,175 67,000 x x 
MUTI Tey RAGEOI V2 cecal ore «iste ate lei -\statsio 10) «0% = 100 y 2,500 2,500 28x 28a 
Hitchcock, Galveston..........0.00+2000 0+ 120 0 536,900 331,000 x x 
Hockley; Hatria.c.c.c0s% scent .ote cons ee 10 0 23,404 0 x x 
Holamark, Bee sate s.c0t sce erecie ne caiein ee 280 20 34,669 9,000. 72 20! 
Hordes Creek, Goliad... ..........0-0-5+5 100 50 49,058 9,000 z z 
Hoskins Mound, Brazoria..........--+.++ 1906 10 0 31,755 0 x x 
Hull, Liberty: 
BO =4; S00 tse erateleteterctcinisvaretele=ie< 1918 0 79,788,979 757,000 
837 x z 
AGOO=D LO Iktae eee selene) -leieialerseisl- = 1932 9,643,787 1,318,108 
Humble, Harris: 
TAN OIING «amt aso coe OROCnED apo Oo Saante et 1905 0 | 110,883,797 760,000 x 5 
3,300 
SOLO Mle eretetepetele foie) fe elerolole’ (ats aleyalnke =7* 1928 13,980,880 279,000 
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Oil-produc- R ST eaeeiee 
Number of Oil and/or Gas Wells tion Methods, CS Ole eee ee 
End of 1939 Lb. per 84. In. 
a 
During 1939 | End of 1939 a ee é 
Com- Avg. at | 2 
® | pleted >a iti id of 2 
42 & End z 3 | PE 9 . Initial = : ’ — 
3 |of1930/ € | § | £8 SO w |i P) 
fe ¢| = | #3 s/22/ € |S 5 
4 8 | 4 aa (£6 / £5) 2 | SS EB 
46 128 2 0 0 34 r 1 33 z 2 
47 14 1 0 0 12 £ 2 10 500 2 
48 16 1 15 z 2 
49 233 41 1 5 104 10 102 2 1,250 z 
50 4 2 1 1 1,600 y 
51 101 0 0 0 93 x 14 79 1,000 z 
52 14 3 0 0 12 4 12 0 1,080 z 
53 3 1 0 0 5 2 5 z z z 
54 73 8 3 1 52 2 15 37 100 PM 
55 37 12 0 4 34 3 34 0 | 3,456@ 7,600’ | 2,676 0 
56} 271] 142 0 0} 258) 13] 257 1 3,000 2,875 
57 30 3 0 0 20 1 1 19 540 2 
58 1 1 0 0 0 1 0 0 z x 
59 2 0 0 0 0 0 0 0 1,100 0 
60 7 5 0 0 7 0 ia 0 2,450 
61 5 2 0 1 3 1 2 . 2,252 2,239 0 
62 4 1 0 0 2 z 2 0 1,225 r 
63] Included with 98 98 0 1,250 z 
Dickinson 
64 902 2 0 83 z 0 83 £ 2 
65 3 1 1 0 1 1 0 1 1,300 2 0 
66} 229 1 0 QO} 214, 14] 174 40 1,350 x 
67 38 6 0 0 22 x 17 5 800 % 
68 48 1 0 0 37 2 11 26 424 z 
69 146 38 0 0} 140 8 | 181 9 900 x 
70 1 0 0 0 1 0 0 1 2 
71 674 68 i 672 2} 650y} 22y) 2,740y 2,710 
72 1 0 0 0 0 0 0 0 200 0 
73) = 244 37 0 0} 233 8] 224 9 880 z 
74 182 3 3 5 58 0 19 39 z 
75 1 1 0 0 1 0 1 0 y y 
76 14 2 0 0 14 0 12 2 880 z 
77 3 0 0 0 0 0 0 0 40 0 
78 6 1 0 0 4 x 4 0/" 1,050 x 
79 3 0 0 0 2 x 2 0 1,550 x 
80 5 0 0 0 0 x 0 0 x 0 
0; 20 uy | 102 0 0} 102 x y 
1 7 y 74 0 5 69 z y 
4 6 0 z 0 x 


Character of Oil 
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7 ‘ Deepest Zone Tested 
Producing Formation to End of 1939 
: 
Depth, Avg. Ft. 
Net 
5 1 Thick- | , Depth 
8 Name Agee Char- | Poros- ness, Struc- Name of 
g acter’) ity? | Top | Bottoms | Avg. ture” aoe 
a Prod. rod, Ft. i 
2 Zone Wells 
all 
46| Miocene, Mid-Oligo- | Mio, Olig) SH | Por 1,406 3,800 432 Ds Vicksburg 8,112 
cene, Vicksburg 
47| Pliocene, Miocene Pli, Mio Ss) Por 1,955 1,970 20 Ds_ |L Olig 7,653 
48| Cockfield (Pettus) Eoc i] Por 3,684 3,880 14 DF |y y 
49) Frio Olig 5 Por 8,000 9,000 15 DF Frio 9,463 
50! Yegua Eoc iS) Por 5,200 5,220 v4 D Cook Mtn. 5,913 
51) Cockfield (Pettus) Eoe § Por 3,819 3,990 16 DF | Yegua 4,776 
52| Frio é lig: Sie SHy i Por 6,370 6,382 15 Af Frio 7,502 
53| Catahoula, Frio Mio, Olig} §S Por 2,646- 2,830- 10 D Cockfield 7,180 
f 3,890 5,350 
2/300 | 15 
54| Miocene, Heterostegina| Mio,Olig,) Sand | 24 4,100 15 Ds Weches 8,926 
Eoe 7,300 35 
, 55| Cockfield Eoe Sand | 27 7,690- 7,720- 25 A Yegua 9,038 
8,080 8,100 
56| Yegua ¥ _ | Hoc Sand | 25-35| 6,790 6,850 60 |AF & AC} Cook Mtn. 7,940 
57 ee Mid-Olig, | Mio, Olig} § 20 3,650 6,580 20 Ds L Olig 7,949 
rio 
58] Catahoula Mio 8 Por 2,855 2,860 5 A Frio 3,512 
5 59) Yegua Eoc 8 Por 4,643 4,706 5 D horse Saline 5,424 
ayou 
60| Frio Olig § Por 7,380 7,950 15 A Frio 9,030 
¢ 61| Marginulina _ | Olig 8 Por 5,102 5,111 5 D Frio 6,544 
62] Frio, Lower-Olig, | Olig,Eoc} 58 Por 4,021 6,203 12 D Yegua 6,777 
Cockfield 
; 63) Frio Olig 5 Por 8,400 8,900 12 DF | Frio 9,463 
64| Pliocene, Miocene, | Pli, Mio,) SH | Por 1,000- 4,600-— 40 D McElroy 6,975 
Mid-Oligocene, Frio, | Olig 5,875 5,894 
Vicksburg 
65| Miocene Pli, Olig | Sand {33 Hy 12 | Ds Marginulina-Mid 9,636 
66] Catahoula, Heteroste- : . 20 2,000 2,100 20 . 
gina, Frio Mio, Olig} Ss {33 3,470 3,500 1 3 A Vicksburg 7,473 
18 
67| Frio Olig 5 Por ace 10 Ds Frio 11,465 
9, 
68| Miocene, Frio Mio, Olig] S$ 20z | 2,650 7,700 x Ds Dibol Jackson 7,700 
69| Yegua Eoc 8 Por 7,500 7,690 20 D Yegua 8,110 
70| Pettus (Cockfield) Eoc SH | Por 3,642 3,651 9 A Yegua 3,907 
71) Marginulina, Frio Olig s 30 5,800 6,080 135 D Vicksburg 8,792 
72| Miocene Mio BE | Por 5,150 6,300 10 Ds Olig 6,905 
73| Frio Olig 8 25 3,400 6,000 25 D Fos 6,487 
74| Pliocene, Miocene, Frio Be Olig, | Sand | Por 200 6,700 40 Ds Mid-Olig 7,179 
io 
75| Marginulina Olig ) Por 5,220 5,230 10 D Frio 6,524 
76| Miocene Mio ) Por 5,118 5,134 16- D Frio 10,460 
77| Cap Rock, Frio Pre eta Cav | 2,220 | 2,250 | 30 | Ds | Cockfield 7,481 
78| Cockfield (Pettus) Eoc § Por 4,065 4,260 y NF | Cockfield 4,458 
79| Yegua Eoc SH | Por 4,575 10 MF _ | Cook Mtn. 6,004 
80] x y SH Por 600 623 23 Ds Salt 1,150 
81| Pliocene, Miocene, | Pli, Mio,| § Por 500 4,400 63 Ds 
Middle Olig Olig Cook Mtn. 6,845 
82| Yegua Koc SH | Por 4,650 5,806 Ds 
83} Cap Rock, Miocene, ty Ter,| A po 600 5,400 40 Ds 
eee Olig , Cook Mtn. 8,181 
84] Mid-Olig Jackson, | Olig,Eoc| SH | Por 5,670 6,500 200 
Cockfield, Yegua 
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peorad Total Gas Produc- 
Area Proved, | total Oil Production, Bbl. | _ tion, Millions 
Acres Cu. Ft. 


Field, County P 
> 
° . 5 
& S ‘ . To End of During To End | During 
a A) Oh 5, CONES sete 1939 | of 1939 | 1939 
3 ‘8 
© a 
Bb Joes: bake,: Talon ates teicecieteaie a cietieeaejate 1937| 1,200 npre ep cae 916 206 
SG Keates IW allen cree stare eteloicieieie sere waters 1935 200 R 0002 i z x 
87 joes VActorid eon rte,..: emanate 1932 350 40 1,103,192 249,000 613 100! 
88| Kubela, Wharton. 2. cies sev eaten sienieale'eis 1936 300 0 349,713 235,059y 279 1642 
89 - Bere, Jeteson BAe aeE dana ane anog _— “ i oo rear 0 0 
O0|/Lamar; Aransas.. 22 ho. ok een cde seecies zr x 
91| La easy bra, Seemann Saanictae Asisloe 1938} 1,400 sa pee ee ep 250 227 
92| League City, Galveston..............22005 1938 600 6, J F z 
93| Livingston, Polk. aorstcleraisto/e) alata: avajayatir ove) eba ela 1933} 1,698 0 5,525,014 560,000 2,761 260! 
94| Lochridge, Brazoria. ................000- 1936 750 0 1,706,968 843,000 1,006 400! 
95| Lost Lake, Chambers..............0000005 1929 80 0 972,106 34,562 z x 
96| Louise, Whartonect pices aces occccter< 0s 1933} 1,614 0 2,649,881 436,060 x x 
97| Lovells Lake, Jefferson..............2005: 1938] 1,000 0 295,920 245,000 z 1,000! 
98| Lucas, Mount, Live Oak................-- 1923 500 | 4,000 241,878 17,412 | 50,598+] 1,657 
99 nani Leiter Ritisstarsic shina sateen (ate 1936 450 80y 833,440 376,552y 527z 207z 
anvel, Brazoria 
100 16 Shae Reeeriet sotto eaemteeeaes 1931 692 0 7,951,507y 1,233,507y| 3,667r 3082 
101 BLGO: FG Pease Peas weve vaca cele 1931 870 400 8,728,815y 1,364,127y| 4,228r 5462 
102| Markham, Matagorda.................... 1908 220 0 7,722,608 597,000 z z 
103) Mathis, Live Oak, San Patricio............ 1924 0 100 z 0 z z 
104 Martha, PT a) Bettas a aententeonnach hae 1939 160 0 27,299 27,299 0 0 
105] Mauritz, Jackson...........0..s00eeeeee: 1935 100 0 212,599 46,700 0 0 
106] McFaddin, Victoria..................-05- 1932 650 0 1,194,822 740,000 1,732 500! 
107) MoMurray; Bee aisi.c:sac..)oaninadteate hive 1937 30 0 7,223 1,000 z zr 
108), MoNeil; L406 Oaks. .o.00¢5 020000 veces vives 1934 100 0 239,590 20,000 1,285 400" 
109] Melon Creek, Refugio..............-+.00+ 1939 450 0 128,000 128,000 & x 
110) Mineral, Bee; <. .cesicts.srs.ccis'a sets slate sYorr'o.sin< 1937 100 uv 2,581a s 7 zr 
111); Moss’ Bluff, Leberty, .... 2.2.00. s0cssecsuc 1930 10 0 179,235 0 z x 
112} Mountain View, Live Oak................ 1939 20 0 0 0 x z 
Mykawa, Harris: 
TH ee ovate ber ome gee Bar 3828102 | 395900 | = | 
115] Mission River, Refugio..............e0008 1938 140 156,249 139,867 625 609 
116) Nash: FE Bend ise ces ve inten inn aces 1926 120 0 1,665,226 0 = x 
117 Nome; J efferaon; .deenes.c. des cacctet wads 1936 880 0 1,510,759 384,622 
Dis Normannas Bes, dunes cn aes cas 1930 70 10 8,600 12,000 £ 3 
North Dayton, Liberty 
119 1200 Shore skates iets eae La ete 1905 100 0 800,000 0 P = 
120 2800 This a arent nein Ane alse cetera 1927 1,551,191 27,000 
rh beh 4 abc hares ite Hane leven els acs aS - : rr 26,913 150 1251 
Ne cL Prati tion eee bari 
123] Oakville, Live Oak.......... Rains aw alotitesinias 1936 150 290 119,623 89,000 2,730 1,200! 
124| O’Connor-McFadden, Refugio............ 1931 200 200 521,127 39,000 | 24,672 2,500! 
125] Old Ocean, Brazoria................0005 1934} 1,040 0 5,829,492 3,320,000 x x 
126) Orange, Orange, veces. corinclcckes oes 1913 400 0 32,622,418 176,992 & 2 
497 | Orchard, ft. ‘Bend. ur<i.. see dee eee ceo 1926 200 50 3,460,346 173,000 y y 
128] Palacios, Matagorda..................... 1937 80 0 105,999 25,000 343 100! 


139) /Potwus 1 Bees cc. idionsieis eiesin.cs tule ea 1930 600 100 9,876,373 196,282 9,050 50! 
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Oi-produc- ; 
Number of Oi P ; Reservoir Pressure, : 
umber of Oil and/or Gas Wells Sa eee ony Lb. per Sa, In. Character of Oil 
s 
i=] 
‘ Number Be 
During 1939 End of 1939 of Wells 5 
Com- & Gravity 
5 | pleted . Avg.at | &, A.P.1. at | Sulphur, 
SB ate Initial End of | 6 60°F. Per 
E toEnd} ¥ . BE | wo $0 2 : 
of 1939} = eI g5 |. s ry = : 1939 5 Weighted Cent 
a = 3 Ae | 5 Sy a |'3s a Average 
g a | 2 | so (s2|\32| & | 38 5 
a SO | 4 [ees tat | e} 3 
85 27 13 0 0 27 0 27 0 1,425 1,400! 45.8 
86 ll 3 0 0 11 0 11 0 z % 52 
87 28 9 0 0 19 1 18 1 1,450 x 36 
88 17 5 0 0 17 0 13 4 by y 0 23.5 y 
89 3 2 1 0 3 0 3 0 7,000 y 0 37.2 0.06 
90 1 0 0 0 0 0 0 0 y y y 
91 72 59 0 0 68 2 67 1 850-1,775 | 800-1,700 39.0 
92 22 19 0 0 22 0 22 0 | 1,100-2,100 x 40.5 
93 97 0 0 2 86 x 31 55 700 y 37.5 
94 42 4 0 1 41 0 41 0 2,100y z 28 
95 13 0 0 0 8 1 0 8 z x 0 22.4 x 
96 47 3 1 12 31 4 23 8 1,850 1,300 0 26.0 x 
97 37 33 0 0 34 z 34 0 y y 37.5 
98 41 0 0 6 3] 15 0 3 874-1,400 4 36 
99 47 18 0 y 41 1 41 0 y 2,443 0 25.4 y 
100 95y 0 1 y 87 0 18 69 iG 1,558 0 24.0 y 
101 87 2 0 83 4 74 9 z 2,448 0 26.0 y 
102 149 6 0 0 30 & 5 25 z 2 26 
103 4 0 0 4 0 z 0 0 935 ae r 
104 4 4 0 0 4 0 4 0 3,509 & 0 41.0 Lz 
105 4 2 1 0 4 0 3 1 2,467 2,446 0 31.0 0.11 
106 60 28 0 0 48 4 48 0 | 1,185-1,725 z 21.2 
107 2 0 0 0 2 0 0 2 570 2 47 
108 uf 0 0 0 5 z 4 1 1,150 z 44.3 
109 10 10 0 0 10 0 10 0 z 3 35.5 
110 12 0 z Fd x @ £ x 100 x 45 
111 5 0 0 0 0 0 0 0 280 0 29.7 
112 1 1 0 0 0 1 0 0 z x x 
113 9 0 9 290 x 27.5 
qe ee |. 848 Ol eoaly == Wee. 40 
115 7 5 0 0 7 0 7 0 590-1,100 y 0 42.6 
116 24 0 0 0 0 0 0 0 800 0 19.9 
117 44 0 0 0 42 1 33 9 2,550 2,497 0 28.0 0.25 
118 7 0 0 0 5 fe 2 3 150 z 38.8 
119 62 0 0 0 0 z 0 0 x z 24 
120 10 0 10 400 2 36 
121 2 0 0 0 2 0 2 0 3,450 3,440 0 37.0 y 
122 1 0} 0 0 0} 0 0 0 y ) 46.5 
123 18 10 0 0 14 4 7 7 1,300 x 23 
124 10 0 0 0 4 6 1 3 365 2 22.6 
125 43 22 0 0 43 0 42 1 4,700 z 52 
126] 316 (ob 38] 0 0| 38 z a 0 23.8 
127 34 2 0 3 17 0 4 13 375 xz 38 
128 4 0 0 0 4 0 4 0 z x 53 
129 88 0 0 0 36 o 0 36 236 2 47 


ee eee ee 
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Tested 
Producing Formation De ee ae 
Depth, Avg. Ft. 
Net 
2 Char- | Poros: Dee Struc N whe 
- | Poros- D z ame 
4 Name Ase acters| ity? Top Batioma rey ture’ oF 
Zz Prod. | Prod. | Ft. 
2 Zone Wells 
ci 
85| Carrizo Wilcox Eoe 8 Por 7,600 7,700 301 DF Wilcox 9,014 
86| Upper Saline Bayou | Eoe Sand | Por 7,400 7,500 100 Ds Wilcox? 11,080 
87| Frio Olig 8 15 5,597 7,011 10 MF | Frio 7,850 
88] Marginulina Olig ) Por | 4,590 4,719 101 N Jackson 8,888 
89| Marginulina Olig Sand | 30 8,620 8,650 201 Ds Frio 10,147 
90| Frio Olig S| Por 7,997 y y__| Frio 9,785 
91] Frio Olig 8 | Por | 5,382 6,385 | 20!+| Dfy | Frio 7,021 
92] Discorbis, Frio Olig s Por | 8,695 10,960 20 D Vicksburg 10,969 
93| Cockfield Eoc 8 Por 4,180 4,276 15 DF Cockfield 5,596 
94] Frio Olig § 20 6,342 6,365 23 AF Vicksburg 8,698 
95| Frio Olig § Por | 2,679- 2,735- | 331 Ds_ | Frio 7,471 
5,128 5,157 ; 
96] Frio Olig § Por 5,128- §,157- 20 NF | Vicksburg 8,271 
6,457 6,467 P 
97| Frio Olig 8 30 7,713- 7,725- 22 Ds Frio 8,189 
7,770 7,792 
98] Catahoula, Frio, Yegua| Olig, Eoc| SSH | Por 1,750 5,300 281 D Cook Mtn. 6,789 
99| Marginulina Olig s Por 5,551 5,662 15% D Frio 6,518 
100} Miocene Mio SH | Por 3,990 4,016 231 D Vicksburg 7,957 
101] Marginulina _ | Olig Ss Por | 5,000 6, 261 D Vicksburg 7,957 
102| Cap Rock, Pli, Mio, | Pre-Ter, L Cav, 936 4,350 40x Ds L Olig 6,436 
Mid-Mio, Olig Pli, Mio,}) SH | Por 
Olig 8s 
103] Catahoula Mio 8 Por 2,375 2,385 10 ML} McElroy 5,526 
104] Yegua Eoe 8 30 8,100 8,130 15 AF Yegua 9,113 
+H a ‘ one Olig 5 yee 5,650 gi ML | Frio 7,408 
atahoula, etero- | Mio 440 2,470 24 ; 
stegina Frio Olig S | Por |{i400 | zane tot | AF | Frio cm 
107| Yegua “ Eoc 8 Por 4,267 4,284 8 NF | Yegua 4,379 
108 errr Ags Cock- | Eoc 8 Por | 4,434 4,992 10 D Cook Mtn. 6,212 
el 
109} Frio Olig 8 Por 5,856 5,876 20 A Frio 5,876 
110} Cockfield (Pettus) | Koc s Por 3,545 3,650 8 NF | Cockfield 4,536 
111] Cap Rock, Marginulina tata SH | Cav, 800 5,800 33 Ds__| Vicksburg 7,375 
ig Por 
112] Jackson Eoc Sand | Por 2,135 2,148 10 F Cockfield 3,000 
113] Miocene, Heterostegina| Mio, Olig} SH | Por 4,100 4,300 D . 
114| Frio Olig SH | Por | 4400 | 4'593 | y | D janes eae 
115) Frio .,~... |Olig | SH | Por | 5,445: 7,150! | 151+] D icksburg 9,225 
116] Miocene, Mid-Oligo- | Mio, Olig} SSH | Por 3,700 5,677 60y Ds Vicksburg 6,800 
cene 
117| Frio , Olig S | Por | 6,010 6,055! gi Ds __| Vicksburg 8,768 
118| Hockleyensis Boe SH | Por | 3,500 38,6761 17 D Yegua 5,038 
119] Pliocene, Miocene + age 
F Me ‘akc. | Pli, Mio | Ss Por 400 1,200 y Ds 
120 mee Frio, Vicks Mio, Olig| SH | Por | 4,075 51188 397 Ds Yegua 6,077 
121| Frio Olig Ny} 30 7,730 7,930! 15! AF io 8,869 
122) Pettus (Cockfield) Eoe SH | Por 4,221 4,2261 51 MF | Cockfield 4,273 
123} Cockfield (Pettus) Boe S | Por | 2,136 2,8281 81 AF | Cook Mtn, ’ 
124| Catahoula, Cockfield | Mio, Eoc| § Por 2,136 2,828 8 AF Frio 6,860 
(Pettus) 
i : 8,654 
125} Frio Olig S | Por | 8,632 ae 100 D | Vicksburg 11,180 
126| Pli-Mio, Mid-Olig, Frio Pli, Mio, 8 | Por | 2,500 5,300! | 302 | D_ | Frio 7,550 
‘ ; ey. 
127| Miocene, Frio, Cock- | Mio, Olig,| § 20 | 1,266 7,900 30 Ds __| Crockett 10,085 
sat P wa Saline Bayou Aes 
| Frio ig 8 Por | 7,830 7,880 10 D Frio 11,327 
129 Cockfield (Pettus) Eoc 8 Por 3,860 f 19 DF | {Queen City 7,569 
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| Line Number 


Total Gas Produc- 
Aree Eee Total Oil Production, Bbl. tion, Millions 
Cu. Ft 
Field, County > 
o 
> 
3 Oil Gas | To End of During To End | During 
A 1939 1939 of 1939 1939 
ind 
S 
ew 
$ 
a aa 
New Pettus, Bee, Goliad, Karnes...-...... 1930 950 50 2,972,903 244,730 1,121 301 
Picketts Ridge, Wharton 700 | 1,000 2,020,657 347,572y| 5,317y | 1,348y 
Prorce Junction, Hayrts..s..62.65.ccses0008 340 0 32,897,783 895,000 z x 
FAACOAO sa V SCLOTUDs ciciec« <reisiclaets \s|aieie'=!sle| af 2,950 50 9,488,862 2,175,000 3,957 3001 
Pledger dsraZoreals soe cre eion vein osevelv ois 20 | 1,100 17,0682 z | 10,051 2,000 
PU TEA TROT DEC ernst rovers eereiehc ao Ms witets 0% 100 20 201,873 70,000 414 150! 
Port’ Lavaca, Calhoun.........0c0..0-008 280 30 357,106 2,795y| 10,0380x 302 
Port Neches 3,150 ft., Orange............. 1928 550 36 5,117,470 266,052 2,0162 167x 
West Port Neches 5,944 ft., Orange........ 1936 113,191 66,117 
Powderhorn Lake, Calhoun.............5+ 1939 0 foi 0 0 0 
Raccoon Bend, Austin 
CT Se a Gee ee ae ee 1927| 1,458 e 17,023,466 400,000 x 525 
A ADUNEGE atoereeistelsterei esas shui Si eareni%e 1934) 1,854 4,294,494 634,000 
Ray, Bees.2, =: wt OGD oc CO ae tae 1934 367 1,461,193 76,758 1,836 38 
PLOEUGIO LOL USO lg here sce vacesien seeks t 1922) 1,025 Include wi New 372,172 Face a New 
efugio efu 
Refugio, New, Refugio................++- 1934} 1,000 | 2,720 39,242,931 1,089,808 | 300,942 12, 814+ 
Refugio Pox Refugio... cess onion ccee se 1932 150 | Included with New Included with New 
Refugio Refugio 
Rockland, Jasper isic.scse cesses. - == 1929 20 0 ; x £ 
GBS] VTE IMTS Ale ncetsi trsnsiatersie’= visi ate. 1938 40 0 23,603 14,102 2 x 
Rosenberg, PPO = ot Peegeiettiassi tote oeteler ee 1939 250 0 6,000 6,000 30 301 
Bandy, Pointy Brazoria. qo1tesais\ate!v stoi ano sie" 1937 100 0 233,817 63,350 219 1001 
Sarabomay el GPAa sar clere steve» wis/eidleinie oia)ele sore 1901 538 0 29,099,708 326,559y zt a 
SATOOHAT OLE Svors aoesesto ms Ria ae afalore:» OTD Fisisvece 20 0 1,165 0 % x 
Satsuma, Harris. . 500 100 366,654 107,413 y y 
Schwab, Polk......... 200 0 145,308 16,692 0 0 
Schwab Wilcox, Polk 200 0 67,282 67,282 0 0 
Seabreeze, Chambers 416 400 225,747 92,108 1,874 7001 
Segno, Polk 
Dee picmmbectterc ct: feentarte rs sepe aga bis ere 1938 360 0 503,681 435,000 x x 
PHERMOW se etacn iv icone is sna alates 1936 1,629,439 530,000 
BUSDOO; LOTUI ioc coe ie sce ds a sie tisieleies 1936} 1,020 160 1,564,379 525,274 3,123 259 
SICH GOVtGDDOW Sb acd sic cielstevs ao: s.chasejaie 00 1930 30 10 72,943 2,000 fi z 
our ake, Hardin cakes cacce sence aoe os 1902 946 0 79,395,185 402,760y z z 
SeupneOhina rd CH ens0n. nciteclic. s/s» oon tare 1939 150 0 17,000 17,000 x 
South Houston, Harrié. ......--<-..-- 00+. 1935 590 0 5,342,509 941,840 1,418 6001 
South Liberty, Liberty..........0-.--0+55 1925 345 0 15,587,177 140,000 z 
Spanish Camp, Wharton..........----+++ 1936 1,280 z 2,096 
Spindletop, Jefferson. ...0.....0-00 22 eee 1901 
Spindletop Deep, Jefferson...........-.-+ 1925 580 0 | 125,479,255 T3100) @ a 
Splendora, Montgomery..........-----5+5 1934 100 0 996 0 x 0 
Stratton Ridge, Brazoria............--++: 1932 25 0 12,214 0 x 0 
Sugarland) PF. Bendix... .. 20002 e- eee ees 1928) 1,165 0 28,723,645 1,243,000 x 360 
Telferner, Victoria.......... 30 40 33,722y 7,000 L & 
aerate J cee rae gv 100 0 : 2,000 fn x 
atts 
Pm i sum] °] RE | G8 | se | om 
ee fae seaman PERBONG ests cn 4: i ye : : P 
LAN, EGY UTIOs ss acielee ais ciate ir ose or 4s0 oe 
BSE baN iRise kacbseninacds +s 1933| 8,400 | 1,200 | 13,925,085 | 2,528,000 | 42,796 | 20,0001 
Tomoconnor, Refugio.........--++s+++0s 1934} 11,000 0 15,316,983 4,315,000 9,601 3,000! 
Tie GRAM EES =O) GS Onb 7a Donan me aecec 1932 125 0 1,758,458 80,000 179 10! 
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TABLE 1.—(Continued) 


Oil-produc- F 
; : Reservoir Pressure, : 
Number of Oil and/or Gas Wells tion Methods, : Character of Oil 
‘ End of 1939 Lb. per Sq. In. 
3s 
Ss 
: Number’ 3 
During 1939 End of 1939 ; £ 
of Wells & Gravit; 
| Com- Avg. at A.P.I. at | Sulphur, 
8 | pleted be Initial End of | 2 | _ 60°F. er 
g|toEnd| gy} E | es |e | w as 1939 | S | Weighted | Cent 
= of 1989) 3 8 i 3 Fe bo 3 2 Average 
a s Se = 
2 B | 2 | se |se|32| 5 | $8 e 
3 s) 4 | a? dS] & mole ra} 
130 52 2 50 x 2 47.5 
131 47 3 0 10 34 3 33 1 2,053 1,872 0 25.0 y 
132 252 9 11 0 79 z 15 64 355 2 27.6 
133 172 0 0 0 164 5 94 70 1,900 z 25 
134 12 0 0 0 0 1 0 0 2,450 x 55.8 
135 15 0 0 0 13 x 13 0 1,010 £ 25 
136 13 0 5 by 2 3 2 0 F 4 z 0 61.0 z 
137 18 0 1 0 14 0 2 12 x 1,515 0 25.0 y 
138 7 2 0 0 7 0 7 0 38.0 y 
139 1 ul 0 1 0 0 0 0 1,850 1,850 0 
140 160 0 0 0 80 1 1 79 275 2 28.2 
141 89 0 0 0 84 1 67 17 1,800 £ 34.1 
142 43 mm 6 0 11 0 0 11 1,755 2 0 46.0 
143] Included with y y 35 z 11 24 550-2,000 y 33.0 
New Refugio 
144 50ly| 14 y y 103 x 91 12 1,500+ 1,000+ 0 39.0 
145} Included with y y 18 x 15 3 700-2,000 y 0 38-42 
New Refugio 
146 0 0 0 0 0 0 0 z 0 21 
147 1 0 0 0 1 0 1 0 1,800 y 0 39.3 
148 1 1 0 0 1 0 1 0 x = 57 
149 8 0 3y 0 4 1 0 4 2,680 1,570 40.0 y 
150} 766 9 7 y | 245 0 z| 245y x z 20.0 y 
151 1 0 0 0 1 0 1 0 x z 35 
152 16 3 0 15 1 15 0 3,100 2,150 0 40.6 
153 3 0 0 0 3 0 3 0 £ Es 0 39.0 
154 4 4 0 0 4 0 4 0 z z 0 37.0 0.10 
155 8 3 1 0 5 S 5 0 3,900 Rs 40.0 0.07 
156 74 30 0 2 32 0 31 1 950 x 36.8 
157 38 0 35 3 1,450 z 39.5 
158 48 10 0 0 44 2 41 3 574 550+ 44.0 
159 5 0 0 0 1 Z 1 0 550 z 46 
160 782x Oy| 27 Oy} 166 0 4 162 2 z 0 20.0 y 
161 3 3 0 0 3 0 3 0 z x 36.5 
162 94 2 5 0 94 x 65 29 2,085y 2,019 0 25.6 
163 301 Lae 0 40 z 4 36 50 2 24 
164 2 8 1,300 1,250 0 
165| 1,378 7 10 z| 158 0 8 | 145 x = 0 25 y 
166 26 z 
167 5 1 0 1 0 0 0 0 2,000 0 65 
168 4 0 0 0 0 0 0 0 x 0 29 
169 7 0 0 0 51 0 37 14 1,570 2 28 
170 3 0 0 0 2 z 2 0 900 x 27.8 
171 1 1 0 0 1 0 1 0 x e 52 
172 291 52 0 0} 256 a{| 227 29 2,430 z 25 
173 18 17 1 z 35.7 
174 1 1 2,520 2,520 0 
175 493 36 0 2) 428) 60] 393 35 2,490 vy 41 
176] 409 44 0 0} 404 z| 403 1 1,040 x 35.5 
177 75 0 0 0 19 yf 10 9 792 % 47 


5 Recycling. 
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TaBLE 1.—(Continued) 


Producing Formation Deepest Zone Tested 
to End of 1939 
Depth, Avg. Ft. 
Thiel Depth 
he Sa = e) 
g Name Agee aes ‘Poros- sis Struc- Name of 
g acter!) ity? | Top | Bottoms | Avg. | *ure® Hole, 
Ie Prod. | Prod. Ft. Ft. 
2 Zone Wells 
& 
130] Cockfield (Pettus) Eoe 8 32 3,616 3,926 15 DF Mt. Selm 
131] Marginulina ; Olig § Por | 4,690! 4,710! 161 A Heckleyases te 
132; ne Frio, Vicks- | Mio, Olig} S Por 3,780 4,8001 z Ds Hockleyensis 7.165 
133| Heterostegina, Frio Olig SH | Por 4,745 6,370 20 Af Frio 
134| Frio Olig S | Por | 6,650 6,800 | 100 D_ | Frio yap 
135| Cockfield (Pettus) | Eoc S | Por | 3,036 | 4,277 y | NE | Cook Mtn. 4,256 
136| Marginulina Olig § Por 6,240 6,250 10! DF | Frio 6,780 
137| Miocene Mio i) Por 3,122 5,929 221 Ds . * 
138] Frio Olig Ss) Por | 5,920 5,942 Ds Vicksburg 7,667 
139] No Name Mio Sand | Por | 4,625 z x Af | Mio, Olig 6,648 
140| Whitsett, McElroy Eoc s 25 3,150 3,490 18 : 
141] Cockfield Eoc § | 25 | 4070 | 4,150 | 35 } Df | Claiborne 7,068 
142] Cockfield (Pettus) Eoe s 3,888 3,944 151 Df Yegua 4,253 
143] Oakville, Catahoula, | Mio, Olig] SH | Por | 3,687 | 6,770 | 30: | Df | Vicksburg 9,225 
rio 
144] Frio Olig SH | Por 4,900 6,600 301 Df | Vicksbur; 9,225 
145| Marginulina Olig SH | Por | 3,545 | 5,900 | 10 Dig eos tes 7,300 
146] Cockfield Koc NS) Por 1,260 1,275 10 MF | Cook Mta. 2,518 
147| Yegua Koc 8 Por 6,947 6,956 gt Af Yegua 7,495 
148] Cockfield ; Hoe Sand | Por 7,719 7,743 10 Ds Cook Mtn. 8,698 
149} Marginulina, Frio Olig iS) 30 6,480 6,500 151 T Vicksburg 8,943 
150| Cap Rock, Lagarto, Plio, Mio,, SL | Por 500 3,320 x Ds Yegua 7,461 
Miocene, Oligocene | Olig Cav 
151} Vicksburg Olig NS] Por 5,013 5,023 z D Yegua 6,702 
152| Yegua Eoc Sand | 20 6,800 6,830 15 A L Yegua 7,520 
153] Yegua Eoc Ss x 4,806 4,843 10 D Wilcox 8,555 
154] Wilcox Eoc 22 7,786 7,799 10 D Wilcox 8,555 
155] Frio Olig Sand | 25 a 8,475- | 25 D Frio 8,888 
156} Wilcox Eoc $ Por 8,100 8,150 30 D , 
157| Cockfield Eoe S | Por | 5,000 | 5,200 | 10 D | 5 Wileox 9,154 
158] Cockfield Koc s Por 6,845! 6,965 201+{ Df egua 7,778 
159] Cockfield __ = Hoc: S | Por | 4,240 4,404 10 D_ | Yegua 4,580 
160| Pli, Mio, Mid-Olig, | Pli, Mio,] SH | Por 9001 4,000y % Ds Yegua 7,914 
Jackson, Up. Saline} Olig 
Bayou 
161] Frio Olig __ | Sand | Por 7,491 7,885 30 Ds Frio 8,755 
162| Miocene, Frio _ _ | Mio, Olig} §S 30 4,600 4,775) 751 Ds Yegua 9,470 
163| Miocene,  Mid-Olig, | Mio,Olig,) SH | Por 700 4,996 100z Ds | Upper Bayou Sa-| 5,174 
Jackson, Yegua Koc 8 line 
164] Catahoula Olig Ss Por 2,900 3,020! 301+ A Yegua 8,183 
165| Cap Rock, Pliocene aig an vob 750 1,200 a 
i ‘or F 
166] Miocene, Mid-Oligo-| Mio, Olig] 8 | Por | 2,920 Sooseie co] DS | ¢ Viskebute ape 
cene, Frio 
167| Cockfield Eoc S | Por | 5,835 5,840 5 D_ | Cockfield 6,452 
168} Miocene Mio 8 Por 4,300 4,500 10 Ds Mid-Olig 7,624 
169| Heterostegina, Mar- | Olig 8 25+] 3,460 3,800 60 Ds Vicksburg 7,042 
ginulina, Frio ; 
170} Frio Olig § Por 3,582 3,600 15 Df Cook Mtn. 7,666 
171) Frio Olig 8 Por 5,686 5,770 10 Ds Frio 8,001 
172| Miocene, Marginulina,| Mio, Olig} S 25 3,250 5,450 80 : 
Frio D Vicksburg 8,539 
173] Vicksburg Olig 8 25 7,700 7,800 50 ’ 
174| Frio Olig s Por | 5,875! 5,890! 10! y Frio 7,010 
175] Cockfield, Yegua Koc ) 252 | 5,375 5,575 9 DF | Yegua 7,438 
176| Frio Olig S Por 5,500 5,900 100 Af Frio 8,174 
177| Cockfield (Pettus) Eoc SH | Por 3,065 4,183 11! DF Mt. Selman 6,062 
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below the top of that formation. The gas-oil ratio in the discovery well 
was 1:23,000, and the casing was perforated from 10,460 to 10,466 ft. 
This is probably the most important discovery of the area for the year. 

Bammel-Aldine, Harris County.—This area was first discovered by 
the Lawrence No. 1 Zapp in April, 1937, but the discovery well produced 
only a small amount of distillate and gas from 6200 ft. During 1939 a 
thin oil sand was discovered at 7300 ft. in the Bammel area and about a 
9-ft. oil zone at 6823 ft. in the Aldine area. Since this is the first oil 
production from the area, the year 1939 is given as the discovery year for 
oil. The gas production was discovered in the upper part of the Cock- 
field section, and the oil was found 360 ft. below the top of the Cockfield 
in the Aldine area and about 1100 ft. below the top in the Bammel area. 
The structure appears to be a large, gently dipping anticline, which was 
discovered by geophysics as early as 1928. The principal leaseholders 
are Texas Gulf Production Co., Stanolind, and Tide Water. 

Buttermilk Slough, Matagorda County.—Buttermilk Slough field is 
314 miles southwest of the Palacios field, in southwestern Matagorda 
County. The prospect was discovered by the Sun company’s reflection 
seismograph, and the same company drilled the discovery well. The 
Cavallin No. 1 was completed in August at a depth of 7860 ft. after 
plugging back from 9582 ft. The production is from the Frio formation, 


TABLE 1.—(Continued) 


Total Gas Produc- 
Area Proved, | ‘Total Oil Production, Bbl. | tion, Millions 
Cu. Ft. 
Field, County e 
b 
= =) : 
° . tasb | To End of During To End | During 
| ie 7 1939 1939 of 1939 | 1939 
7% Ss 
o Ld 
4 i 
17S SIMI DOs Nast maior see ecunanetorts 1938 0 10 4,000y 4,000 z 7] 
179} Turtle Bay, Chambers............. eee 1935 700 40 1,229,368 358,765 909x 300z 
180] Vanderbilt, Jackson.............0..-0005 1934 40 50 Incl. with West Ranch z x 
TBL! Viotoria, Victoria. oc econ c ect 0 dalle vse 1939 20 0 0 0 x % 
182] Voss, Bee..... alates Vigiaitufolota gsta x .s''ale e;0hs 1936 80 0 75,047 2,000 x x 
183] Webster, Harris Parasia. vy Atty! gation 1937] 3,800 0 3,488,518 2,320,000 1,969 800" 
TRLLW OSGR) Gold Wace Seade tease vic CAR RTE oe 1936 100 0 2,556 0 x z 
185} West Beaumont, Jefferson................ 1936 705 1,960,945 1,077,263 
186] West Columbia, Brazoria.................|1914 . J 
750 0 84,155,183 2,209,519 
187] West Columbia, New, Brazoria........... 1937 atte ; a 
188} West Orange, Orange................0005 1937 220 0 994,508 707,000 x Fs 
189} West Ranch, Jackson... .... {1938} 3,000 0 459,445 278,000 x 201 
190] White Creek, Live Oak...... 19389 100 0 32,000 32,000 x x 
191] Willow Slough, Chambers. . . Te hy) 550 | 1,000 198,449 96,033 | 
LOSI Withetee Hy RGLtOM in anc tncrey arteoell acc 4 
193 Wi hers, (Five Corners), Whartoh. ok. } 1936) 3,800 | 6,200 3,188,626 1,406,41ly| 3,246z 844r 
son Creek, Matagorda................ 1937 50 0 61,343 17,442 j 
TOSI: Vy Orth, Wee, aes vee hw atceeee ts Mas aatas 1935 50 | 0° 27,275 r : 3 
TOG wotellx, Wess, lorvenaatn a nonet ea saree 154,757y| 31,415y) 1,363,340,757 | 100,253,937! | 695,1712 | 93,4852 
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which was topped at 7410 ft. The casing was perforated from 7850 to 
7860 ft., and the well was completed producing 35 bbl. per day of 45° 
gravity oil with 35 per cent salt water through 11¢4-in. choke, with a 
high gas-oil ratio. The principal leaseholder is the Sun company. 

Caplen, Galveston County.—After drilling several dry holes on this 
reflection seismograph prospect, the Sun company, in March, com- 
pleted the discovery well, Cade No. 2, from perforations 7474 to 7478 ft. 
after plugging back from 8011 ft. The initial production was 307 bbl. 
per day of 34° gravity oil through !11¢4-in. choke, with a gas-oil ratio of 
4803. The production is from the Discorbis zone of the Middle Oligocene. 
The field is on the Bolivar Peninsula, 3 miles west of the town of Caplen 
and 11 miles west of the High Island field. The Sun company is the 
principal leaseholder. 

Chocolate Bayou, Brazoria County.—The Chocolate Bayou gas- 
distillate field was found by the Glen McCarthy No. 1, Houston Farms 
Development Co., in October after the area had been worked with reflec- 
tion seismograph by Glen H. McCarthy, Inc. The discovery well was 
drilled to a depth of 10,385 ft. after encountering the top of the Frio at 
a reported depth of 8878 ft. The initial production was 25 bbl. a day of 
51° gravity distillate from a reported depth of 9875 to 9878 feet. 


TasBiE 1.—(Continued) 


Oil-produc- R a P 
Number of Oil and/or Gas Wells tion Methods, cpio heey ie ae Character of Oil 
End of 1939 Bape A Ait 
s 
8 
: Number = 
During 1939 End of 1939 of Wells g ae 
ke Com- Avg. at ) API, at | Sulphur, 
8 | pleted Be Initial Endof | 4 60°F. Per 
toknd| @ | B | esi|e |e * 1939 Weighted | Cent 
3 of 1989) = | 8 | 88/8 5 w | is A Average 
: a | 3 | 22 |ss|28| = | ds 4 
3 Oo | = |e? jhe] a & | a> me 
178 3 taro 0 1] 0 1|  1,450y 45 
@ 6,500’ 
179} 35 S10 OH assie V2uieeot 2 948 2,861 0 30.0 | « 
180 2 0| 0 0 10 0 1 500 2 30.3 
181 1 tile 0 0 Ol 1 0 0 x x x 
182 7 0] 0 0 Ae 0 1 x 2 45 
193} 195] 89] 0 0| 195} 0] 192 3 950 z 29 
184 3 DFO 0 0| oz 0 0 750 a 46.5 
185] 58 6| 4 o| 481 10] 30] 18 y y 0 27.0 y 
186] 316 alee Ou Atl 0 7| 34 a 1,115 0 20.0 y 
187 1250 0] 67] oO} 61 6| 2,452 2,099 0 28.0 y 
188} Incl. Orange 0 0 47 0 47 0 x £ 35.8 
139) 50] 47] O 9 bee 48 2 1,700 z 30.3 
1 8 yt 8 & x 
191 11 31-0 2 oe 6 0} 3,900 5 37.0 0.07 
0 Da et5iiee 8) e150) | |) 2,350 2,415 0 26.1 y 
193 eee 850 z 0 25.6 y 
194 x x x x il 0 1 0 @ z 50 
195 2 0; 0 2 0} _0 0 0 850 x 30.3 
196] 18,719 | 1,455 | 195 94 | 9,495] 285 | 6,547 | 2,948 
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Citrus Grove, Matagorda County.—The Citrus Grove gas field was first 
indicated by the Continental No. 1 Boecker in 1933. However, the well 
was not produced, and in July, 1939, the Continental No. 1 Savage was 
completed, producing 678 M cu. ft. of gas per day from a depth of 4142 ft. 
in the Miocene. The area is 6 miles east of the Palacios field. Principal 
leaseholders are Continental, Sun, Pure, and Magnolia. 

Cologne, Victoria County.—The Cologne field was discovered by the 
Houston Oil Company’s No. 1 Hornstein in September. The production 
is from a Catahoula sand of Miocene age, at a depth of 2870 ft. The 
initial production was 4000 M cu. ft. of gas per day. On Nov. 2, 1939, 
a Frio sand, found in another well, produced 129 bbl. per day of 27.5° 
gravity oil at a depth of 4832 ft. The field is 3 miles southwest of the 
Coletto Creek field. The principal leaseholders are Houston Oil, 
Phillips, and Shell. 

Fannin, Goliad County.—The Fannin gas field was discovered in 
October by the Shell No. 1 Swickenheimer after geophysical work 
revealed the prospect. The production is from the Catahoula formation 
of Miocene age at a depth of 2855 ft. The initial production was 15,500 
M cu. ft. of gas daily. This prospect is south of the town of Fannin. 
The principal leaseholders are Shell, Texas, Sun, and Magnolia. 


TaBLE 1.—(Continued) 


Producing Formation oe 
Depth, Avg. Ft. 
Net 
x * ea Thick- Depth 
is Name Agee So toad ness, Strue- Name of 
g acters} ity? Top Bottoms | Avg. ture Hole, 
Z Prod. | Prod. | Ft. Ft. 
2 Zone Wells 
x) A ene ee bikes 
178| Cockfield (Pettus) Eoc SH | Por | 3,564 3,590 26 DF | Cockfield 3,598 
179] Marginulina Olig Sand | 30 6,600 6,608 10! D Vicksbi 153 
180| Frio Olig SH | Por 5,562 5,582 8 DF | Frio ike Poae 
181) Catahoula, Frio Mio, Olig] 5 Por rest poe i } F Frio 5,523 
182| Cockfield (Pettus) | Eoc S | Por | 3,985 | 4017 | 5y | NF |U Yegua 4,306 
183] Frio Olig 8 30 5,750 6,082 100+ Ds Frio 8,452 
184] Yegua Eoc SH | Por het te 71 MC _ | Cook Mtn. 5,313 
300 5,310 
185} Oligocene Olig Sands} 30 5,800 5,810 | 10-20 D L Fri 1 
186] Pli, Mio, Mid-Olig ee Plio,| § Por 2,601 3,741 2501+ 7 yrs 
io i 
187} Frio, Vicksburg Olig NS) Por 5,200! 5,7841 x Maree! ors” 
188] Frio Olig S | Por | 5,585 6,123 8 D tio 7,550 
189| Frio Olig 5 Por | 5,086 5,780 401 Ds_ | Frio 5,784! 
190} Jackson Koe 8 Por 1,390 1,397 7 ML | Jackson 1,785 
191] Frio Olig Sand | 25 aaa . 201 D Frio 9,0841 
192) Marginulina Olig 8 Por 5,545 5,560 101 Df Frio 7,2441 
193| Marginulina Olig 8 Por 5,540 5,550 81 Df Frio 6,511! 
194) Frio Olig 8 Por 9,925 9,978 8t Df Frio 9,9781 
i Cockfield (Pettus) Eoc SH | Por 3,407 5 D Pettus 3,7051 
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Hillje, Wharton County.—The Hillje field is 6 miles south of the town 
of Hillje. It was discovered by reflection seismograph work by the 
Texas Company. No. 1 Peters was completed in September, producing 
gas and about 14 bbl. of 25° gravity oil per day from a Marginulina sand 
from 5220 to 5230 ft. The gas-oil ratio was 1:29,000. The Texas Com- 
pany is the principal leaseholder. 

Martha, Liberty County—The Martha oil field is in the west central 
part of Liberty County, 3 miles northwest of Dayton. The Stanolind 
Oil and Gas Co. discovered the prospect by reflection seismograph and 
drilled the discovery well, No. 1 Flowers, in June. The well was drilled 
into the Upper Saline Bayou formation at a total depth of 9113 ft. and 
was plugged back to 8108 ft. in the Upper Cockfield, where it was com- 
pleted producing 240 bbl. a day of 40° gravity oil from perforations 8104 
to 8108 ft. The gas-oil ratio was 1:1990. The principal leaseholders 
are Stanolind, Pan American, Sun, Humble, and Continental. 

Melon Creek, Refugio County.—The Melon Creek field was discovered as 
a result of subsurface geology, by the Copano Oil Co. It is immediately 
southwest of the Tomoconnor field. The discovery well, Copano No. 
1-C Thos. O’Connor, was drilled to a depth of 5876 ft. and was completed 
in February, producing 108 bbl. a day of 37.6° gravity oil through 
perforations 5856 to 5876 ft. The production is from the Frio forma- 
tion. The Humble, Quintana, and Copano oil companies are the 
principal leaseholders. 

TABLE 2.—Summary of Drilling Operations on Texas Gulf Coast 


———————— 


Important Wildcats Drilled in 1939. 


Location 
ee Be * |) Total Surface Deepest 
Count Depth, : Horizon 
y Ft. Formation Tested 
Survey 
MPA TA TISAS Pee rie rete toiclas «prot Te tisn. «le eseteislersiase ie Orrick 7,360 | Recent Frio 
Ga |RTBY Coat hs» oye corse Fuge bo OPEC eR OCR HD J.deJ. Valderas | 10,538 | Beaumont clay | Frio 
EE SPAMONE et core aistenisk cicrcyelcna Sawin aayeperen Perry & Austin | 10,385 | Beaumont clay | Frio 
Am ER OLE TES OTIC cen atteriay tere tater he stabereiucke hom oo. Tyese suelo e's Meyer 7,743 | Beaumont clay | Claiborne 
Gill Rore DOUG aee ciate her oc meieuen Sines sawler H, Chrisman 7,800 | Beaumont clay | Vicksburg 
(Pal LOSES IO), o..0 Cube n pelo dO. Gt eb Ome entEnO orn one Dickson 7,514 | Recent . Discorbis 
FAN PELAPEIG ter eel exe aici te vars sane c alters! ovwveve aieraiwis ares W.S. Powell 6,520 | Lissie Yegua 
SA TaCksOn Sec mee ies Ae care cioalSinerete nares Green 7,967 | Beaumont clay | Frio 
OMI PIACKSON SAGE ee PR ea a oMiite tecsiertce gota anders Musquiz Gr. 5,543 | Beaumont clay | Frio 
IO Eien 0 brign 4 5 dota oc a ahon tetas GOGoUree: eres sees McFaddin 2,397 | Recent Miocene 
TIMID EOE sc. riod onandlie Spctree bo Spen ay ObrDOOOor Smith 6,648 | Beaumont clay | Frio 
opi etlersoneerccas nik i emicatocis sine Rene aye eiates H & TB R.R. 7,885 | Beaumont clay | Frio 
IBY Ae inten sone abouts Galo Uennatoun aceE oot cag McNeil 7,612 | Beaumont clay | Upper Saline Bayou 
ID viet pbs, act onic honern baOaeG” CEE tat ano ue sae I&G.N. 8,108 | Beaumont clay | Yegua 
AG Palic, See ier ett a go .etare cc csieteinaatessisve-< G. 8. Thomas 7,788 | Legarto Wilcox 
AGMARGLURIO Acree ts hes are ao. oe cinco sieie Aldrete Gr. 5,714 | Beaumont clay | Frio 
‘Ifa Or oot Un in uoMcrip Abe oor de Omran oars Aldrete Gr. 5,415 | Beaumont clay | Frio 
Gi WRG CULI OMe eR ite Niclas farts ctes stares ca Aldrete Gr. 6,112 | Beaumont clay | Frio 
TR RET aan ooteso shee caedo Se coldeeoraontec oan Hoyt 5,875 | Beaumont clay | Frio 


at Sa ee ae 


440 OIL AND GAS PRODUCTION ON THE TEXAS GULF COAST DURING 1939 


Rosenberg, Fort Bend County.—The Rosenberg field, 2 miles east of the 
town of Rosenberg, was discovered by H. C. Cockburn with his No. 1 
Dzierzanowski. The well blew out at 7743 ft., and the drill stem was 
cemented at 7719 ft. to kill the gas flow. The initial production was 
1000 M cu. ft. of gas and 30 bbl. of 61° gravity distillate per day. The 
production is from the Cockfield or Upper Saline Bayou, 330 ft. below 
the top of the Cockfield. The discovery is attributed to geophysical 
work. Cockburn, Humble, Sun, Gulf, and Shell, all have interests in 
the area. 

South China, Jefferson County.—South China field is 214 miles north- 
west of the town of Cheek and 10 miles southwest of Beaumont. The 
discovery well was drilled by Hebert, Smith, and Echols in June and was 
completed through perforations from 7872 to 7885 ft. in the Frio after 
plugging back from a total depth of 8753 ft. The initial production was 
106 bbl. of 37.5° gravity oil per day through a %4-in. choke, with a low 
gas-oil ratio. The principal leaseholders are Hebert, Smith and Echols, 
Magnolia, and Sun companies. 

Texana, Jackson County—The Texana gas-distillate field was the 
result of a wildcat well drilled by Moore and Ahern. Their No. 1 
Drushel was drilled to a total depth of 7005 ft. and plugged back to 
5708 ft. The casing was perforated from 5705 to 5708 ft., and the initial 
production was 1500 M cu. ft. of gas and 15 bbl. of 52° gravity distillate 
per day. This production is from a sand in the Frio. The principal 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1939 


Tnitial Produc- Pressure, Lb. 
tion per Day Choke per Sq. In. 
or 
Drilled by Bean, Remarks 
Oil, Gas, | Fractions 
U.8. | Millions jof an Inch} Casing | Tubing 
Bbl. | Cu. Ft. 
1| Culton—Barry tract 46 gy 2,250 | 2,000 | New sand, McCampbell 
2 | Glenn McCarthy—Carr tract 180 1164 | Sealed | 3,400 | Discovery, Angleton 
3 | Glenn McCarthy—Houston Farms 
Dev. tract 25 14 & 16a | Sealed} 1,600 | Discovery, Chocolate Bayou 
4|H. C. Cockburn—Dazierzanowski 
ract 112 72 | 1,500 | 1,500 | Discovery, Rosenberg 
5 | H. M. Taylor—Musselman tract 926 4 1,700 800 | Discovery, Thompson-Vicksburg 
6 | Sun Oil Co.—Cade tract 307 1164 | Sealed | 2,200 | Discovery, Caplen 
7| Union Producing Co.—Rash tract 55 \y ,450 | 2,425 | New sand, Fairbanks 
8 | Crosby—Kopnickey tract 156 1064 | 2,750 | 2,400 | New sand, Francitas 
9 | Glasscock—Drummond tract 187 G4 925 550 | New sand, West 
10 | Shell Petroleum Corp.—State tract | 150 4 550 | 50 to 75 | New sand, Clam Lake 
11 | Gulf—Thomas tract 178 346 | 3,000 | 2,875 | New sand, Fannett 
12 | Geo. Echols & H. Smith—Fontenot 
tract 106 %4 | 1,000 | 1,250 | Discovery, South China 
13 | General Crude—Fee tract 768 YY 1,250 | 1,175 | New sand, Esperson 
14 Stanolind—Flowers tract 240 52 | 1,580 | 1,400 | Discovery, Martha 
15 | Peyton Bros.—Kirby-West tract 185 yy 2,150 650 | Discovery, Ace-Wilcox 
16 | Morgan-Gulf—Rook tract 113 eS 1,350 700 | New sand, La Rosa 
17 | Morgan-Gulf—Rook tract 126 \ 975 635 | New sand, La Rosa 
18 | Rutherford—Schiermer tract 154 \% 925 610 | New sand, La Rosa 
19 | Copana Oil Co.—Thos. O'Connor 
tract 108 1g 1,850 900 | Discovery, Melon Creek 
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leaseholders are Moore and Ahern, 8S. W. Richardson, Magnolia, Sinclair- 
Prairie, Gulf, and Stanolind. 

Toland, Refugio County.—The Toland gas-distillate one-well field 
lies between the LaRosa and Bonnie View fields. It was discovered in 
September by the Phillips Petroleum Co. No. 1 Toland. The well 
was drilled to a depth of 7010 ft. and plugged back to 5920 ft. The 
casing was perforated from 5870 to 5880 ft., and the well was completed 
producing 1200 M cu. ft. of gas and 25 bbl. of 58° gravity distillate a 
day from theFrio. The field is entirely owned by independent companies. 

White Creek, Live Oak County——The White Creek field is south of the 
Eizzell field. The discovery well on this prospect was drilled in February 
by Holland and Smith. Their No. 1 Gayle was completed pumping 
27 bbl. a day from a sand 1390 to 1397 ft. The gravity of the oil is 21°. 
Besides the discoverer, Edwin M. Jones has a large interest in this field. 

Victoria, Victoria County—John G. Mayo’s No. 1 Voight was the 
discovery well for the Victoria field. The production is from a sand in 
the Catahoula from 2551 to 2555 ft. The initial production was 500 
M cu. ft. of gas and 10 bbl. a day of 20.5° gravity oil. The field is 


TasLe 3.—New Sands Discovered during 1939 on the Texas Gulf Coast 


Field Depth, Ft. Age Kind 

ENC Gen awe arnt rere a hi ca als Srawsiatectaye¥on’ 7,800 | Wilcox Oil 
BIAICE VIG Wise stcdoeeteue Oils ee as omen 4,200 Discorbis Gas 

MO aii ike eens waren e hicta Sees ese onpote 3,800 Miocene Oil 
ESSE SOLU iy tees alsietel'« eliny ta cuak suo nr 208 clef aie 7,000 Upper Saline Bayou | Oil 

| Fitguis oveya eS] Aen cle ener Sire rR ry eho 7,000 Upper Saline Bayou | Distillate 
ETT LG MER GSAT: Beas Scie craat cuoncs: ues heise 7,700 Frio Distillate 
FMESE. soi 5 Bere nO eno reen Sarnereiear aren eke 6,461 Frio Oil 

ET RETA HE See, ah eat on eee en Cre 7,950 Frio Oil 
{BUS UTG UD. op nega RCIA ae ROS ROR ER SER RPE re 7,680 | Upper Saline Bayou | Gas 

NC ORAM ERE I El gai e eycnssnaty ubae sasteronehe 4,806 Frio Gas 
OCCA TPM oir rc Lee acrevat ls sie hin Aatee aie 6,082 Frio Oil 

AE COSAR Ee Re nisi ie ys OE eee Lee ame 5,415 Frio Oil 

TERM ENGR Gite Sci aes CRO enema 5,714 Frio Oil 

HBr ECOS HEP eaten e tess = fh Gls Sie. eco ttk Ger feelin 5,855 | Frio Oil 

eC OGAMPRR UME MEA craters ice Tales coe tisha et oe a8 6,112 | Frio : Oil 

(WEN ROE a cc yo Sina <8 Oona Ser a 6,327 | Frio Oil 
howelliga licen emer ietsk curtain cco 6 7,780 Frio Oil 

McG amp bell arcemes ani ceewctente 5 fale sient spe 7,354 | Frio Distillate 
Ai FN DE eral 4 Se Oc arses ORNS OE ICONS 4,400 | Heterostegina Oil 

NEG MOC etee creat aetuid we cesiccs els = wala 5,300 | Frio Oil 
ERHORMDSOMS Ne Meret. he at tartrate mi ie eles 4,345 Miocene Oil 
POM PSONS ees ote Wee tne cere es 7,700 | Vicksburg Oil 

‘(Rutt onl Bk ead oo o.4 Gell be okracie coe 6,550 | Marginulina Oil 

Wana’ WAIBYO ke dia Hin baie aatlortnn ce karte gt eee 8,500 | Frio Oil 

AWE Re ity pace ean Ce OOO: cao 5,550 ‘| Frio Oil 
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2 miles south of the town of Victoria. The principal owners are Shell, 
Sun, and Magnolia oil companies. 


New Sanps 


New sands contributed considerably to the reserves for the year 
(Table 3). The most important new sand discoveries were the Wilcox 
at Ace and the Vicksburg at Thompsons. 

Extensions to the producing areas or horizons were recorded at 
Anahuac, Cotton Lake, Eureka, Clear Lake, Cordele, Fairbanks, Segno, 
West, McCampbell, Tomoconnor, Clara Driscoll, East White Point, 
McF addin, and Plymouth. 
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Oil and Gas Development and Production in North Texas 
for the Year 1939 


By Lewis W. MacNavenron,* Mempnr A.I.M.E. 
(New York Meeting, February 1940) 


Tue North Texas district, as herein defined, includes the counties 
of Archer, Baylor, Clay, Cooke, Foard, Hardeman, Knox, Montague, 
Wichita, and Wilbarger. This area covers generally the crest and south 
flank of a system of buried mountains known as the Red River uplift. 
The oil and gas accumulations along this feature are in traps, which, 
although localized by structures incident to the regional uplift, are 
usually modified by stratigraphic changes in the sediments. Excepting 
the fields in southeastern Baylor, southern Archer, and southwestern 
Clay counties, all the fields within the district are on this Red River 
uplift. These exceptions, which have the same type of oil and gas 
accumulation as the other fields, are on the extreme north end of the 
Bend arch, which is a broad anticline plunging northward from the 
Llano uplift in central Texas to Archer County. The larger part of 
past oil and gas production has come from Pennsylvanian strata, with 
less important amounts from the Permian, and minor but increasingly 
important quantities from the Ordovician. 


DEVELOPMENTS DURING 1939 


With the later stages of development being reached in the K.M.A. 
field during the first half of the year, some 400 fewer producing wells 
were drilled in North Texas in 1939 than in 1938, when some 1750 wells 
were drilled. Despite this decrease in activity, production in 1939 
increased about 314 million barrels over 1938 figures, and at the end of 
the year the oil reserves were somewhat larger than on the first of the 
year. As is usually characteristic of the district, this resulted from the 
discovery of a large number of relatively unimportant fields. 

Owing principally to no appreciable abatement in wildcat drilling, 
more new fields and extensions to old fields were discovered this year. 
Although none of these discoveries was of such magnitude as to be 
important to the oil industry, the new developments in Montague and 
Cooke Counties portend greater and probably more important operations 
in these areas. 


Summarized at meeting; manuscript received at the office of the Institute 


April 16, 1940. 
* DeGolyer, MacNaughton and McGhee, Dallas, Texas. 
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444 DEVELOPMENT AND PRODUCTION IN NORTH TEXAS IN 1939 
TABLE 1.—Oil and Gas Production in North Texas 
Oil-pro- | Reservoir 
Pit Total Oil Number of Oil and/or Gas A peta Pressure, 
Production, Bbl. ells . . per 
Acres ee Sq. In. 
ing | End of 1939 | Number | 
1930) po of Wells 
County, Field 
i—| 
= 
a 
; To End of | During 
ial) tener BE 1939 3 
s 23 a 3 
= a 
E B B= E/EEIF (2 | els 5. 
a i > oS | 2/2 Ss Ss 15 32 
7 36 a5 Vale heals. lee] tee! ase 
E aA a | 8/2/8(S5l28| & es] S| 85 
3 A 83 1S i a/8 [AOS] & 24] 2 2° 
1) Archer: Carson 30 0 y y 4, 3} lily] wv] y yyy x x 
2 i 600 0} 2,332,3721| 298,823 41} 0} Oly 4y) 0 0 4y| 900) 480 
3 Chambers. . 20 0 y y 1} 1; OF 0 1] 0 y Vi ore x 
4 Colgan. . 60 0 362 362 5} 5) 1:0 5) 0 0 5 Ff 2 
5 Frarley.... 20 0 y y 2) 2) Oly y) O|} y yo 2 Ot 
6 Griffin 8 100 0 9,650 9,650 6} 6] y| O # 01 ¥ y z z 
7 Morte. aes snose 40 0 y y yi ul uly yi O} y y z x 
8 Holliday 300? 0 98,4342) 114,491 vy) ul uly Hh, Ph se y x x 
9 Hull-Silk........ 1938 | 2,800 0 435,889 387,224 93) 79) yl y 9y| 0} 9y 7] = % 
10 Kadane......... 1939 80 0 1,125 1,125 Tse yg yi O| y y x x 
11 Mankins........ 1939 160 0 23,938 23,938 3} 3) 0] 0 3} 0 Cle ue x r 7 
12 Morrison, ...... 1939 20 0 y y 2} 2) Oly vy) O| y y z x 
13 All other fields. . y 0}113,838,418%| 3,092,306] 6,85y|255)121) y yi vloy y 
14 Baylor: Portwood, .. .|1924 600 0| 4,366,908 50,637 188} 6} 8) y | 1l6y) O} O| 16y 2 x 
lo Seymour........|1939 400 0 078 35,578 10} 10) 0} 0 10) 0 y y F z 
16| Clay: Burns......... 1939 160 0 33,640 33,640 2} 2} 010 2} 0} 2 0 z z 
17 Costley ies ss nes 1939 80 0 0 0 3} 3] vly y| 0 y y x z 
18 Halselliie esc os: 1939 80 0 11,131 11,131 2} 2) 00 2} 0 2 0 x 4 
19 Henderson. ... . .|1939 40 0 0 0 1) a. Ot 0} Oo; 0 0 x r 
20 UY ate atiectal 1939 40 0 932 932 1; 1] OF 0 1] 0 1 0 x z 
21 WRIA oes he seth 1939 40 0 837 837 1} 1] OF 0 pe ei a | 0 x x 
22 Petrolia....... 1902 | 1,100 |4,000| 7,857,578 681,054 vi yl uly vy) y|oy y x = 
28 Worsham...... .|1937 200 0 392,204 71,588 13} 2} 110 6} 0 y y x z 
24| Cooke: Bruhlmeyer.. .|1935 y y| 2,811,002 355,405 vy) vl uly vy) vloy Vv z = 
25 Callisburg...... 1939 20 0 481 2,481 1} 1] 0} 0 MeO hey y z = 
26 TOU. 1939 100 0 1,115 1,115 2} 2) Oly y| 0 y 7] x x 
7, Nothiss icp Shas 1938 200} 20 88,634 88,634 24) 24) yj} O} 23) 1] y y x x 
28 Walnut Bend .. .|1938 350 0 271,273 253,386 30| 28) 0] 0 30] 0 | 30 0/2,360 y 
29 All other fields. . 7] y| 13,954,896 | 1,239,273 ujlyy| 4y} y vy) vloy y 
30] Foard: Johnson..... . 1933 450} 120} 1,351,331 152,958 15) 1) 3/0 7; 31] 10 0 x £ 
31 Thaliss. tate, 1927 80 y 303,453 13,714 13} 0} yl y 3} 2] 0 3 x C7 
32| Montague: Benton ; 
and Holmes...... 1939 500 0 23,793 23,793 7| 7) 010 “OU Weed 0 x x 
33 Nocona Townsite| 1939 640 0 55,506 55,506 9} 9) O10 9 OO} y x x 
34 All other fields. . y y| 30,108,713 | 1,804,501 | 1,093) 36) 16 
35| Wichita: K.M.A. 4 A echo : 
Mala 1981 |25,000 0| 13,993,704 3 
rober)...... AAR A ,993,704 | 8,207,319 | 1,178] y| y) y yo Og 2,yyy|1, 
36 State Hospital... /1938 40 0 f 16,937 2; | oo 2} 0O| y nie a 
37 Underwood. .... 1939 60 0 0 6} 6} 0} 6 0; oO} 0 0 P| F 
» Footnotes to column heads and explanation of symbols are given on page 239, 
1 From 1-1-33. 
2 Canyon production only. 


8 Includes production of fields listed having y production. 
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Producing Formation 
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Deepest Zone Tested 
to End of 1939 


Depth, Avg. Ft. 
Name Name 
eats i ; 5 
Ais) 2s. |- x enact des ; 
2\3| Ze | Soil el hoa) Bet eeclee ig 
@/RS) Sos tay 2 5 g g 23 /Sm) 8 ae ci 
£\86| sb isa | S815) 88 | Se | sh = as 
glace] oS a 4/5 |&} s+ a (ar) @ ate 
1 40.0 y | Gunsight Pen 8 |Por| 1,490 {1,510 3 y \y | y 
Zi RE 42.0 y | Canyon Pen § |Por| 2,200 |2,225 20 A | Strawn 5,748 
3 y y | Gunsight Pen S | Por 921 925 4 y | Cisco 925 
4 40.0 y | Gunsight Pen 8 | Por 1,453 |1,461 8 y_ | Cisco 1,461 
5 40.0 y Pasig Ag A ; ae ; oe : y | Gunsight 925 
isco en ‘or a) : y 
- a y { Strawn Pen S |Por} 4,390 |4,410 24 \ y Strawn 4,439 
7 y y | Gunsight Pen S| Por 900 910 vi y |y y 
8 4 y Pen S| Por 675 682 6 7] 4.537 
: Y | 1 Canyon Pen § |Por) 2,600 |2,630 | 10 y |¥ ues 
9 {Gio le § |Por| 3'800 [S's60 Me 
y en or} 3, ; y |y y 
ceawe L |Por| 4320 |4:350 | 30 
10 40.0 y | Smithwick(Bend)| Pen L |Por| 5,170 |5,280 30 y | Bend 5,284 
ll 43.0 y | Caddo Pen L /|Por| 4,660 |4,690 30 y | Caddo 4,696 
ie y y | Gunsight Pen S | Por 1,290 {1,300 4 y | Gunsight 1,298 
14 36.5 y | Gunsight Pen S |Por| 1,400 10+ | y | Strawn 4,265 
15 y y | Upper Canyon Pen y |Por| 2,580 |2,725 20 y ly 3,400 
16 a 0 y | Strawn Pen A Fee 4,425 batt 36 y | Strawn 4,461 
1.0 . or} 1,035 050 . , 
17 38.0 \ y | Cisco Pen { § |Por| 1.150 |1,160 \ 18 y_ | Cisco 1,176 
18 38.0 y | Lower Strawn Pen S |Por| 4,750 |4,790 | 42 y | Lower Strawn | 4,793 
19 y y | Upper Strawn Pen S |Por| 3,420 [3,430 12 y | Upper Strawn | 3,432 
20 41.0 y | Smithwick Pen L |Por| 5,350 |5,400 40 y | Bend 5,400 
21 37.0 y | Lower Strawn Pen S |Por} 4,130 |4,150 25 y ly 5,527 
22 36.0 yly Pen S |Por! 1,500 a y 10+} y | Cam-Ord 4,289 
23 38.0 y | Strawn Pen { 3 Be ey a a0 20} y | Strawn y 
24 41.0 y ly Pen y y 2,000 y 15 y | Pennsylvania | 2,500 
25 47.0 y\y y y y y y y y |y y 
26 30.0 yly Pen y y es ba 74 y ly 1,143 
38.9 Por 620 ; 0 
27 gad y | Ellenburger os { L Por| 1.725 1735 15 \ y | Ellenburger 1,793 
Strawn en 4,900 /|4, “ 
28 25.8) ley See Bate \ 20 { Feo NS 240 \ 25+ | y | Cam-Ord 6,055 
29 
30 y y | Canyon ) a Por| 38,600 {8,625 y y | Pre-Cam 5,003 
(Thalia en \ 
31 39.0 y Cisco, Pen 1 ale pe a mM y | Pre-Cam 2,550 
y | Upper Strawn en ‘or t 7 y 
32 { ae \ y | Canyon Pen | § |Por| 2,020 |2'030 |10 y | Pre-Cam 3,855 
= y | Lower abe 3 pi 5 he via Al 20 y 
43.0 y | Upper Strawn en ‘or ; ; y ; 
33 43.0 y Laee Strawn Pen S |Por| 4,650 /4,680 y y | Caddo 5,249 
40.0 y | Caddo Pen L |Por| 5,230 |5,250 y 
34 
35 40.0 y | Strawn Pen SL |Por} 3,800 |3,850 |25+ | AM|y y 
Bend L y | Bend 5,375 
Cisco 8 Cisco 1,207 
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TABLE 1.—(Continued) 
Oil-pro- Reservoir 
ccd! Total Oil Number of Oil and/or Gas sere Pressure, 
oyecs Production, Bbl. Wells ”| Lb. per 
Acres End of Sq. In 
1939 rae 
During Number 
1939 | End of 1939 | oF Wells 
County, Field 
i] 
g 
c To End of | During = 
oe oi ik TT 1939 3 
TR 
he om 
3 = 2 =z 
g e B= |B el elz lz 5 a. 
ae & SSl/2\slisys ls Le Bo 
z se as les | Slee leal 2 eel 3 | 28 
2 fe oa 6 |5| 8 ES|EC| 2 [ea] 2 | Bs 
3 > OF ISIS /8 ECS] & je4) 8 la 
38 All other fields. . y y| 297,328,664 | 5,327,421 |11,532 lyy| y vy) yl y y 
39| Wilbarger: Castle- 
berry............. {1938 300 0 119,099 87,108 20} 12} 0| 0 18) 0 | 18 x z 
40 Consolidated... .|1939 600 0 17,940 17,940 8| 8 0 Se8 Ts z x 
41 Lido: Ween: 1939 20 0 0 0 1) 1] O}1 0} Oo}; 0 0 = 
42 Phillip-King. . . .|1938 80 0 30,465 24,408 4, 1) 010 4) 0! y y z = 
43 Pois-Schultz. .. .|1939 100 0 9,171 9,171 6} 6) 0} 0 6} 0 y y z z 
44 All other fields. . y y| 67,936,829 | 2,684,946 | 2,027| 44| 19] y yl) yv y y 
45 Totaltc. Giese y y|557,874,932 |25,479,332 vy) yl uly y) vl y y 


Character of Oil Producing Formation oe 
Depth, Avg. Ft. 
Name Name 
be ag baw | 3 8 
BEE| <ac¥e |_2 Be tis Bee si 
2 \b5) S698 LE: | ala] ag | bs [28 | 23 
5 |20| S854 |g 2/6 |é| &8 | g | 3<| & am 
38 
F § )| Por} 2,170 |2,199 | 9 
Cisco Pen : i 
39 y y 1st Por 640 |2, 9 Ca 3,200 
Heesiees (ee |a5fes) 8 flee)” [Om 
pper Strawn en or ' 770 = 122 
~ aD) iy {ewer Strawn |Pen | S |Por| 4025 {4'065 [do }| ¥ |Lower Strawn | 4,065 
41 38.0 y | Strawn Pen S |Por}| 3,635 |3,660 [25 y | Strawn 3,660 
42 y y Perel Pen S |Por} 2,500 
Canyon Pen L |Por| 2,550 y y y jy y 
? S |Por} 1,235 {1,245 {10 
43 38.0 y | Cisco Pen S |Por| 1,665 |1,685 |20 y | Cisco 1,909 
ri S |Por} 1,885 |1,900 |15 
45 
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Pressure maintenance in the K.M.A. field is now approaching a field- 
wide basis. Since this project involves cooperation among 143 operators, 
who own nearly 1200 producing wells in this 25,000-acre field, it is the 
largest program of its kind ever undertaken in the history of the oil 
business. When the project is fully under way, there will be five natural 
gasoline and recycling plants where the residue gas will be returned to 
the field through a hundred or more input wells under pressures ranging 
from 1200 to 1800 lb. per sq. in. This work is administered by the 


TABLE 2.—Summary of Drilling Operations in North Texas 


Discoveries, Extensions, and Important Wildcats Drilled during 1939 


Field County Drilled by Well Number and Farm Survey Producing 
Formation 
1 Cree & Hoover Turbeville, J. H. No. 1 | Carson, Robt. Gunsight 
2 Chambers & Hanks Andrews, R.O. No.1 | T. E. & L. Co. Gunsight 
3 Shell Oil Co. Colgan E. No. 1 Martin, J. F. Gunsight 
4 Burns, P. C. Andrews, N. I. No. 1 Frarley, G. C. Gunsight 
5 Deep Oil Dev. Co. Waggoner Est. No. 1 H. & T.C. R. R. Co. | Lower Strawn 
6 Griffin, E. P. Waggoner Est. No. 1 H. & T. C. R. R. Co. | Gunsight 
7 Hart & Norwood Carpenter J.D. No.1 | Clark & Plumb Subd.} Gunsight 
8 Ligon, Bert Moss No. 3-B Ble be Rabe Cisco 
9 Sikes, Louis Ford No. 1 Cecil, T. Strawn 
10 Kadane, G. E. & Sons Hemmi, J. A. No. 1 Clark & Plumb Subd.) Smithwick 
11 British American Wilson, T.B. No.1 | H.& T.C.R.R. Co. | Caddo 
12 British American Green, F.C. No.1-D | T.&N.O.R.R. Co. | Upper Canyon 
13 Burns, L. T. Browning, = L. No.1 | Yearly, W. W. Strawn 
14 Costley, E. N. et al. Pen C. T. Est. No. | Bacon Subd. Cisco 
15| Halsell...... Clay Bridwell Oil Co. Halsell, F. No. 1 Wa Co. Rs Strawn 
16) Henderson. .} Clay Shell Oil Co. < Henderson H. No, 1 T. E. & L. Co. Upper Strawn 
E7ollyscee sea Clay Continental-Superior Ross O. O. No. 1 Walker W. Smithwick 
18] Kinder...... Clay Sinclair, Frabor-Hodges Kinder L. No. 1 Clark & Plumb Lower Strawn 
19] Callisburg...| Cooke Big Indian Oil Co. Davis, B. W. No. 1 Fannin C. 8. L. Pennsylvanian 
20] Hood....... Cooke Pois & Schulz Felker, E. A. No. 1 Taylor, J. Strawn 
21| Morton..... Cooke Big Indian Oil Co, Morton, M. P. No. 1 E. T. R. R. A-365 | Strawn 
22) South Muen- : 
BUOE te aiasiey= Cooke Roberts J. C. et al. Truebenbach No. 1 Littleton, J. C. Pennsylvanian 
23| T. C. U.....| Cooke Russell & Lawson T. C. U. et al. No. 1 Linn, W. A. Cisco 
24) Voth.....2. Cooke Whitfield et al. Voth, B. No. 2 : Fulton Z. D. Ellenburger 
25| Walnut Bend} Cooke Sinclair Best No. 10 Toby & Ward Ellenburger 
26| Benton and 
Holmes..,.| Montague | Benton & Holmes Bowers, J. No. 1 M. E. P. & P. R. R.| Upper Strawn 
27| Benton and 
Holmes....| Montague | United Producers Braman, D. H. No.1 _ | Jacques Lower Strawn 
28] Nocona..... Montague | Rogers & Rogers Burnett, J. E. A. No. 1 | Leonaw, J. Lower Strawn 
29| Nocona..... Montague | Stanolind Davis No. 2 Wells, W. J. Caddo 
30| Nocona..... Montague | Youngblood & Foree Davis No. 1 Jennings, J. D. Upper Strawn 
31 Montague | Gant, W. & Continental Oil | Brown, Mrs. J. L. No. 1 | Blair, J. F. 
32|K.M.A....| Wichita | E. C. Oil Co. Burnside, A. W. No. 3-C] Sharp, J. M. Canyon 
33| K. M. A....| Wichita | Hanlon & Buchanon, Inc. | Collins, C, F. No. 1-A | Brown, R. Gunsight 
34 Underwood... Wichita | Underwood Rogers, W. P. No. 1 Wheelwright, G. Cisco 
35| Consolidated Wilbarger | Consolidated Oil Waggoner No. 1-CC WaccubeWs Lower Strawn 
36| Consolidated | Wilbarger | Consolidated Oil Waggoner No. 1-CC H. & T. C. Upper Strawn 
BULIdO.eeee es Wilbarger | Lido Oil Co. Waggoner No. 21-C H. & T.C. Upper Strawn 
38] Pois-Schulz..| Wilbarger | Pois & Schulz King, J. P.No. 1 D. L. & C. Co. Cisco 
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K.M.A. Pressure Maintenance Association, which is headed by an 
executive committee composed of 15 operators. 


OuTLooK For 1940 


In regions like North Texas, where the oil and gas fields are partly 
controlled by stratigraphic conditions, the collecting of accurate sub- 
surface geological information becomes very important. As more and 


TABLE 2.—(Continued) 


Discoveries, Extensions, and Important Wildcats Drilled during 1939 


Initial 
: Pressure, Lb. 
ie Dae Choke | per Sq. In. 
Depth Total D t Bean 
ep’ otal jeepes —_——— SSS 
Completed, | Depth, Surface Horizon G. Frac- Remarks 
Ft. Ft. Formation Tested Ol Si tions 
U.8. | lions | 982 | Cas | Tub- 
Bus) Cache ty) me «| 58 
Ft. 
1} 1,491-1,494 | 1,507 | Permian Gunsight 58 | x New field 
2 905-907 907 | Permian Gunsight 21} 2 z az | New field 
3} 1,453-1,461 | 1,461 | Permian Gunsight 100 | z New field 
4 921-925 925 | Permian Gunsight 102 | z Pumping | New field 
5| 4,393-4,410 | 4,410 | Permian Lower Strawn 4/2 ga deep produc- 
, lon 
6| 1,628-1,638 | 4,410 | Permian Lower Strawn | 760 | y 30 on shallow pro- 
uction 
7 905-907 909 | Permian Gunsight 72 | 2 = zx | Extension 
8} 1,285-1,293 | 1,293 | Permian Cisco 64 | y y y y | Shallow Hull-Silk pay 
9| 4,375-4,402 | 4,402 | Permian Strawn 200 | y y y y ods extension to 
10) 5,164-5,284 | 5,284 | Permian Smithwick 165 | x z z | New horison. 
11} 4,666-4,696 | 4,696 | Permian Caddo 127 | x z z | Deep 
12| 2,580-2,605 | 2,605 | Permian Upper Canyon|] 260 | z z z | New field 
13} 4,432-4,461 | 4,461 | Permian Strawn 900 | y y y | New field 
14) 1,050-1,074 | 1,074 | Permian Cisco 240 | y y vy | New field 
15} 4,754-4,793 | 4,793 | Permian Strawn 1,272 | y 7] uy | New field 
16] 3,419-8,432 | 3,432 | Permian Upper Strawn New field 
17} 5,342-5,400 | 5,400 | Permian Smithwick 1,136 | 0.64 7] y | New field 
18} 4,130-4,158 | 4,160 | Permian Lower Strawn 150 | y 7] y | New field 
19} 3,519-3,529 y |Comanchean | y yly 7] y | New field 
20 { Larraity 1,750 | Comanchean | y uly y y | Abandoned oil well 
21| 2,509-2,517 | 2,517 | Comanchean | Strawn 25 | x Pumping | Abandoned oil well 
22| 1,657-1,670 y |Comanchean | y 9/2 y y | New field 
23) 1,125-1,143 | 1,143 | Comanchean | Cisco 109 | x ] y | New field 
24) 1,783-1,793 | 1,793 | Comanchean | Ellenburger 436 | x y y_ | New field 
25) 5,230-5,265 | 5,265 | Comanchean | Ellenburger 664 | y y uy | New deep test 
26] 2,887-2,958 | 2,958 | Comanchean | Upper Strawn | 523 | y 7] y_ | New fiel 
27| 3,460-3,509 | 3,844 | Comanchean | Lower Strawn 204 | y y uy | New field 
28) 4,639-4,658 | 4,658 | Pennsylvanian | Lower Strawn 523 | y y New deep well 
29} 5,230-5,255 | 5,255 | Pennsylvanian a 1,920 | y 7] : New ue well 
30| 4,278-4,304 | 4,338 | Pennsylvanian bY a Strawn | 150 | y 7] uy | New deep well 
31 y 7,341 | Pennsylvanian | Ellenburger ea x < agreed Montague 
32] 2,930-2,065 | 2,965 | Permian Canyon 8 New C 
33] 1,710-1,718 1,718 | Permian Gunsight 264 : : ; ay Gem peg 
34} 1,200-1,206 | 1,207 | Permian Cisco 25 | y 7] uv | New field 
35} 4,026-4,065 | 4,065 | Permian Lower Strawn | 248 | y y y | New field 
36] 3,750-3,775 | 3,775 | Permian Lower Strawn vly 7] uy | New field 
37 ie peepee 3,660 | Permian Upper Strawn 44 vy vy uv | New field 
38 ii ie inet peat 1,902 | Permian Cisco nat y y y | New field 
Number/of ‘oll wells completed'diring 1980:0)/70 naacivevuues cy cincccc sc teiteeom aie cetera eee 1,300 
Number of “ Wells completed during 10381. vateaein pavensepha eee eee Beste ae eee ee 5 
Number df'dry holes'completed tluring 1980)... ..svygohesaaiin prtaaea immune cakaiste ost tae Beane 443 
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better geological data become available, the chances of finding new pro- 
ducing areas increase. Since such information is being collected, and 
because of the recent developments in Montague and Cooke Counties, 
prospects of finding further reserves in 1940 appear good. 
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Oil and Gas Development in North Central Texas for 1939 


By H. W. Imuouz* 
(New York Meeting, February 1940) 


TueE Palo Pinto limestone pools of Jones and Shackelford Counties 
were defined and almost fully developed during the year. A new Palo 
Pinto limestone pool was apparently discovered when the K. B. Nowels 
No. 1 Pardue, S.F.I. and W. survey, south central Haskell County, was 
completed for a small well in Palo Pinto limestone at 3395 to 3421 feet. 

In Haskell County, Amerada Petroleum Corporation’s C. J. Kleiner, 
J. M. Cass survey, drilled to the Ellenburger with a total depth of 5607 ft., 
where it was abandoned. 

A Bluff Creek sand field of undetermined size was discovered by the 
Fain-McGaha No. 1 Dawson-Conway, P. G. Holcomb survey, which was 
completed for 37 bbl. at 1496 feet. 

The Cook field was extended by the Roeser-Pendleton B-113 Cook in 
sec. 113, E.T.R.R. Co. survey, the well being completed for 510 bbl. from 
Cook sand encountered at 1545 to 1568 feet. 

Several shallow pools of minor importance were also discovered in 
Shackelford County during the year. 

In Jones County the Lewis and the Steffens fields, in block 15, 
T. and P.R.R. Co. survey, were further developed during the year but 
the limits of the Steffens field were not definitely defined. The most 
important discovery in Jones County was the Guitar field, where most 
of the wells that had been producing from the Cook sand were deepened 
to the Hope limestone, a new producing horizon. 

In Taylor County, the Bowles field, sec. 28, B.A.L. survey, was defined 
and proved to be of minor importance. 

The Goldsboro and Novice area, in northwest Coleman County, 
continued to hold considerable interest because of the developments 
near the town of Novice, where new leases continued to be opened 
for production. 

Nolan County was placed in the ranks of the producing counties when 
the S. B. Owens No. 1 Tipton, sec. 43, block 19, T. and P.R.R. Co. survey, 


Summarized at meeting; manuscript received at the office of the Institute 
April 3, 1940. 


* Consulting Geologist, Abilene, Texas. 
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TABLE |.—Oil and Gas Production in North Central Texas 


Total Oil Production, Bbl. 


3 Year | Area 
g Field, County RH ahas 
a Peer, eon * | To End of | During 
2 _ 1939 1939 
4 
GAMA RES TLL WAAL COTTER EST OLDIE este 21a eara nei stad cfol svete cwtats ors sateed eoevay ent rea crete vee. seraretarev ais 1927 100 130,535 4,500 
MIRA VICE a EONS MEN tore Selon cits o erniwiclor vie OSS west ave ave nls. ole ajalneimsisialagasieis 1926 290 844,339 9,222 
3 | Byrd, Brown...... ..-| 1920 250 402,810 4,418 
4 | Childress, Brown... .| 1927 180 869,077 43,034 
5 | Clark-Buffalo, Brown 1927 460 791,446 16,126 
6 | Cross Cut, Brown. 1921 2,300 6,233,176 108,021 
7 | Fry, Brown Sele 1925 940 7,791,947 81,242 
8 | George, Brown... 1927 200 784,031 26,791 
9 | Smith Ellis, Brown 1926 450 2,300,058 46,457 
10 | Stover, Brown.... 1926 1,500 7,158,872 152,409 
11 | Other fields, Brown 5,595 2,508,009 75,240 
12 Total, Brown. 12,265 29,814,300 567,460 
13 | Baum, Callahan... 1925 500 872,368 7714 
14 | Hatchett, Callahan 1927 375 1,385,980 44,486 
15 | Isenhour, Callahan 1923 600 2,178,644 45,299 
16 | Moutray, Callahan. . 1926 400 2,500,533 77,555 
17 | Other fields, Callahan. ‘ 9,515 7,197,163 226,315 
18 Total, Callahan....... are 11,390 14,134,688 401,369 
19 | Burkett (Shallow), Coleman ..+.| 1924 850 2,319,904 61,949 
20 Burkett (Deep), Coleman......... ....| 1930 200 688,698 12,020 
20) Dibrell, Colematis.....saececsecc eve ee Loan 170 419,003 37,636 
22 Kastland, Coleman Borvwocsivass apes «...| 1928 270 2,034,888 36,070 
OS TOURING, COLMGN: d..0-.200.0.¢ otis aes va | 1927 135 470,981 9,931 
24 | Overall, Coleman..............es008: ..| 1926 200 1,253,982 14,304 
25 | Santa Anna, Coleman...............- .-| 1922 150 459,512 5,178 
26 | Stewardson, Coleman.............. ..| 1980 200 411,926 8,770 
27 | Other fields, Coleman.............. Aa 985 1,991,475 | 171,253 
28 Total, Colemant..<.206os-0en0%- re 10,050,279 | 357,111 
29 | Other fields, Comanche...............-.- aa 950 1,485,272 69,713 
2 Desdemona, Eastland, Erath, Comanche... -{]} 1918 | 6,175 | 23,138,773 153,482 
32 
33 
34 
35 
36 
37 
38 
39 
40 


Hl burn, Hasta aesciaiw ofss0ieoletolgresa sisi 1919 400 1,111,128 9,025 
Mangum, Fasiland............++s0-+++s .»| 1922 300 877,290 29,409 
Pioneer i astland., siacxecc osc othe ose s-s(einie ..| 1919 1,400 5,507,429 65,222 
Other fields, Hastland...............-+000 = 66,171,484 738,648 
Oval Lasland A... se suis cs ee csishes sec ss ec 73,667,331 842,304 
ITO WATE, tO CT ete «lo vipis ete \ererFlacsiese)svele-orejecaisiste ..| 1934 40 80,298 11,967 
Royston, ENGI eH Maa les cevevoie erovelolorscalsisietennvsicharaseine ..| 1928 2,800 10,188,308 650,685 
Rotany CRObINSON)s PSENENs <0 «ce sieve oleisine' ..| 1936 640 858,242 365,520 
Rotan, Bennett, i shen eee eee ee, ..| 1937 80 35,684 18,059 
Total, Fisher WO ehcheie tc ota ast ithalan rs wimebeieiny eens oe 11,162,532 | 1,046,231 
41 | Sandy Ridge (Higgs), Jones..............-0ee eee ..| 19385 450 273,727 36,307 
42 | Dorsey-King (Hawley), Jones.........-...-...00++- | -1935 600 2,893,354 180,896 
ASA RIGNHINGS I OM ERs wiecia'< oc 1= 2)s\evleleioiels cia's lai apeyele sivicon nie ..| 1934 160 560,602 55,182 
BG) Noodle ‘Creek, JOn68 ioc <cciv Dtoielsie soca a slew e ten suiee ..| 1927 1,030 6,688,860 194,829 
45 | Guitar (Hawley), Jones........cc cece cece ener e nner ents ..| 1936 400 680,320 115,066 
AGUS SAVIES) J ON068 0 royhivieiecie «1c .o's/cle gioieia ere eyelnia'sisic\olerele nisin \aiviels ..| 1932 640 1,402,386 413,776 
AT 1 Avoca-Olander, JONCS.. 2000000. seve cccescetnnesvnees ..| 1936 640 933,121 524,106 
ASMA WOGA-GTIMM,: JONES: cc 1c cs: oe) acre.e.s o/orsio's a elajnlne sien ais a sicies ..| 1938 640 614,541 610,001 
AD [ Lewis, JOn€8. ccc cscs ccccscccerscesccsrccrcberssneees ..| 1936 800 661,820 415,802 
DHONSECMONB, | J ONES. vice ois/o1s wsesarsss-0'0\0lelee ccaniajein oa sia ple iisieiee tiaiaieis ..| 1937 640 134,390 113,124 
51 | Irvin, Noodle Creek, Jones...........02:0 cence ee se eens LOST 500 132,583 95,870 
52 | Other fields, Jones.......0.0.cccccccscecesereserenccnnnees ae 236,079 113,713 
53 Total, J GER ere Ree ae ee a aiealrtaoye is chara uate a eeneee = 6,500 15, oy 783 | 2,868,672 
Me Me CHAN ee 9G ee ee eee ANON ECO rti Pt aa a 61,016 cept 
5 Olan County; total cca. acc sccm crecsigreresine cinielseieieie sieie «le! aisasriow a0 ‘ 
56 | Cook, Sake fond on SERS DOG Donne eceoine Ut iter Ratha sera ..| 1925 1,460 15,876,208 663,171 
57 | Frye, Saeed iC OM thc TAD SHI BADOT cae Pe HORUS ome ..| 1925 115 632 10,098 
58 | Hope, Shackelford........c.cscececncrec rete eee ceeeeaeensrsee ..| 1923 220 1,257,842 38,790 
59 | Ibex, Shackelford, ..........cccceeencc rene cnet ee eeeees es encenes ..| 1921 1,240 | . 2,437,858 25,914 
60 | Bluff Creek, Shackelford..........00ceccee cence eset teeter eer eeees .-| 19380 940 3,056,348 337,832 
61 | Newell, Shackelford ER ee ec Ute serch stale ta cs cPanSiaracg tee evomvy etausoagenaysia a ape ..| 1925 640 821,719 51,119 
62 Simmons-Harvey, WShatcleel ford.) acxte. coves aie to nso 0y8 cic fevers ein eis sears wore ..| 1925 160 372,923 38,145 
63 | Tannehill-Matthews, Shackelford... .......-.+000seveeeee er er ener ences 1927 300 2,321,449 93,000 
64 | Ivy, Shackelford. ...5...0.scccecscsnscscecesctrereneccenseersecesss 1937 700 544,721 397,045 
pete asetlessistricts 10,915,345 520,219 
86 an en ee eee « Sat a Ae ea 5,775 | 37,926,045 | 2,175,328 
67 | Stephens County, HMC «erence pa eo es OG IE CPO DOOD CURES DSOEenOCIODOn 126,282,940 | 1,204,227 
68 | Stonewall County, total............0.-ceecee eee e etree erence ener eee es wen a oS 
69 | Taylor County, total............vecsecceecrer erste cree rence ee ecees 346,713 ie ae 
70 | Throckmorton County, total.............-++eeeeee+ rae ER, ac fact NEE 3,290,774 02,86: 
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TABLE 1.—(Continued) 


a 


Number of Oil Producing Formation 
s. | and/or Gas Wells, ‘. 
8 End of 1939 Character is Oi. a -- 
g Gravity A.P.I. at | 
3 60°F ., Weighted pos Avg. 
4 Average Name Agee Characters | Ft. Top Prod. | Structure’ 
| Producing Oile Zone 
4 
1 11 38 Fry sand Pen $ 1,150 ML, N 
2 24 39 Fry sand Pen 8 1,300 ML, N 
3 10 37 en Pen L 2,450 A 
4 112 35 Childress sand Pen s 800 ML, N 
5 36 42 Fry sand Pen 8 1,150 ML, N 
6 149 40 Cross Cut sand Pen § 1,200 ML, N 
7 100 42 Fry sand Pen s 1,300 ML, N 
8 30 39 Fry sand Pen 8 1,300 ML, N 
9 37 41 Fry sand Pen iS] 1,300 ML, N 
10 159 41 Blake sand Pen 8 1,200 ML, N 
11 
12 
13 15 39 Cross Plains Pen s 1,700 ML, N 
14 94 38 Moutray Pen 8 400 ML, N 
15 136 37 Isenhour Pen s 700 ML, N 
16 77 37 Moutray Pen 8 750 MI, N 
17 980 
18 1,302 
19 173 34 Burkett Pen s 400 M,L 
20 19 41 Cross Cut Pen s 1,550 ML, N 
21 14 42 Gwinnup Pen $ 1,900 ML, N 
22 28 42 Gwinnup Pen Ss 2,000 ML, N 
28 26 39 Fry Pen s 1,950 MIL, N 
24 12 42 Strawn Pen 8 2,300 A 
25 10 39 Fry Pen $s 1,500 ML, N 
26 15 39 Fry Pen 8 1,450 MIL. N 
27 50 
28 
29 138 
30 66 Desdemona Pen 8 2,750 A 
31 3 37 Bend Pen L 3,100 MN 
32 35 38 Strawn Pen 8 1,200 N 
33 50 41 Caddo Pen L 2,450 AF 
34 359 
35 651 
36 2 36 Pen L 3,670 A 
37 117 39 Saddle Creek Pen L 3,100 A 
38 35 38 Camp Colorado Pen L 3,500 MN 
o a 39 Camp Colorado Pen L 3,600 MN 
41 21 37 Bluff Creek Pen 8 1,900 N 
42 79 39 6 Cisco sands Pen $ 1,900-2,300 A 
43 18 39 King Pen Ss 2,040 A 
44 83 38 Camp Colorado Pen 8 2,500 MCA 
45 67 37 Cook Pen L 4 A 
46 50 41 Cook Pen 8 1,950 N 
47 54 39 Strawn-Canyon Pen L 3,200 A 
48 64 39 Strawn-Canyon Pen L 3,200 N 
49 87 39 Bluff Creek Pen s 1,900 ML, N 
50 30 37 Bluff Creek Pen s 1,900 ML, N 
51 10 39 Swastika Pen 8 2,900 A 
52 27 
53 590 
54 10 
55 1 43 Strawn-Canyon Pen 8 5,130 N 
56 327 37 Cook sand Pen 8 1,300 ML, N 
57 38 35 Fry sand Pen 8 450 ML, N 
58 39 37 ope san Pen 8 1,500 ML, N 
59 ay 39 Caddo Pen L 3,500 N 
60 214 37 Bluff Creek Pen NS) 1,600 N 
61 85 37 Tannehill sand Pen S 1,100 ML, N 
62 19 39 Bluff Creek Pen 8 1,700 N 
63 84 38 Tannehill sand Pen s 1,150 ML, N 
64 72 39 Hing oad \ Pen 3. L { 3200} A 
rawn-Canyon , 3,200 
65 1,082 j 
66 1,977 
67 691 
68 2 
69 22 
70 150 


¢ Footnotes to column heads and explanation of symbols are given on page 239. 
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was completed for a small producer from Strawn sand encountered at 
5137 ft., after considerable mechanical difficulties. The Plymouth 
Oil Company’s No. 1 McClure, sec. 49, block 23, T. and P.R.R. Co. 
survey, drilled through the Ellenburger limestone (Ordovician) and into 
the Hickory sandstone, Cambrian, with a total depth of 7453 ft., where 
it was abandoned as a dry hole. 


Oil and Gas Development in the Texas Panhandle for the 
Year 1939 


By Henry Rocarz* anp H. W. McCurt 


(New York Meeting, February 1940) 


Oil.—During the year 1939, there were 365 oil wells drilled in the 
Texas Panhandle, with a total daily initial production of 130,968 bbl.— 
that is, 69 fewer oil wells drilled than in the previous year, with a decrease 
in total daily initial production of 61,738 bbl. The total daily potential 
of the field on Dec. 5, 1939, as determined by the Texas Railroad Com- 
mission, was 1,344,677 bbl., an increase of 94,032 bbl. over the previous 
year. On Dec. 5, 1939, a daily allowable of 130,527 bbl., which was an 


TaBLE 1.—Oil and Gas Production in the Texas Panhandle 


Area Proved, Acres | Total Oil Production, Bbl. 
Year 
of 
County Dis- 
cov- 
Bs ery ‘ 
: b To End of During 
q se = 1939 1939 
a 
o 
=| 
a 
A Caran secant. shiek teidaeac ns tutta alc Rian ice eine Ceate 1921 | 19,570 247,194 | 32,470,051 2,534,788 
DAY teins accu ace m raat rei a Ra a teidon Soa aaR UNG 1925 | 58,845 227,127 | 159,410,160 | 11,244,812 
Oi Sansiord Gr skins eS haswath wees aldara reer ecuebae saitnte ns 1937 1 0 0 
Si Hartlogierat 2c, ccreistw at caw wont erate einem aes ato ae 1928 29,491 0 0 
Bi [RUMCODINSOR e rerccares Seance wich ee nictttos tite Maman eae 1922 | 60,993 217,071 | 136,368,867 | 7,860,266 
Oe MoorGrcetarcnarGin ieinarhantegian cuhac uany ceiivanca aan 1926 640 432,130 4,708,468 432,709 
Pail aR ONGOK: teas bo raves Gey tra /aseibyo aera oceceray LAPTG a ATES eels ava leras eset 1919 0 144,786 33,822 0 
8) Snerman’icieraers cance peimeneane tants Muldgiaiue Onda tae n eee 1938 0 1 0 0 
IIR MCLE Ps cnn RS REE SARIN CR Ur ORO 1c MPIC AC Ea 1925 8,250 153,768 | 16,972,520 | 2,267,936 
10 Pobel oes ic tga vie cee apes frases Se RARE rear mein eh Ov 148,298 | 1,451,567 | 349,963,888 | 24,340,511 


» Footnotes to column heads and explanation of symbols are given on page 239. 
1 Acreage not definite. For provisional figures, see paragraph on new developments, in text. 


Summarized at meeting; manuscript received at the office of the Institute 
April 2, 1940. 

* Consulting Geologist, Amarillo, Texas. 

+ Columbian Fuel Corporation, Amarillo, Texas. 
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increase of 58 per cent over 1938, was assigned to the field to be produced 
from 4239 wells. The total amount of oil produced for the year was 
24,340,511 bbl., making a cumulative total of 352,172,138 bbl. during 
the last 18 years. No new oil-producing acreage was discovered. 
Gas.—During the year, 86 gas wells were drilled, having a combined 
open flow of 2,162,000,000 cu. ft.; that is, 17 less than the number of wells 
drilled in 1938, with a decrease in the open flow of 1,004,300 cu. ft. per 
day. The gas production for the year was 634 billion cu. ft., and the 
total gas taken over the past life of the field was, approximately, 834 
trillion cu. ft. A resurvey of the gas acreages and rock pressures divided 
into areas of sweet and sour gas showed the figures given in Table 2. 
Pipe-line Gas.—The pipe-line companies withdrew 248,908,072,000 
cu. ft. of gas (a daily average of 681,939,000 cu. ft.). The total yearly 
withdrawals by pipe line increased 18,600,218,000 ft. from those of 1938. 
Natural Gasoline.—Throughout the greater part of the year, 42 gaso- 
line-extraction plants processed 1,439,288,000 cu. ft. per day, a total of 
525,340,324,000 cu. ft. for the year. This gas yielded 295,071,798 gal. 
of natural gasoline. The total daily capacity of all the plants is 2,467,500 
thousand cubic feet. 
Carbon Black.—Thirty-one carbon-black plants operated during 1939, 
burning 290,305,931 thousand cu. ft., or a daily amount of 795,358,000 
cu. ft., and producing approximately 420,000,000 Ib. of carbon black. 


TABLE 1.—(Continued) 
gee hg li a a a a SS rere 


Oil-produc- : 
Total Gas Produc- f Reservoir } 
tion, Millions Cu. Number of Oil and/or Gas Wells ae pee Pressure, Lb. Character of Oil 
Ft. 2 per Sq. In. 
of 1939 
s 
| 
2 
During 1939 | End of 1939 | Number of Fd 
& Gravity Sul 
‘ ers Aves A.P.I. at o i 
= | To Bnd | During | “3 une Initial | atEnd| 3 | _ 60°F. | Phur, 
g | of 1939.) 1939 | B= | S| 2 feele |e Bs of 1939 Weighted | Per 
Ee} 55 | 3 & |gA)-2 | 8 wo |. q ‘Average | Cent 
Z ao | a | S lasl8./S%/ 2 (es é 6 
: ga| & | £ Eales|es| 2 28 S 
= 68) 5 | = je@{ao|ao] & jan ce 
1 850 69 3 y 473| 321) y y 430 337.6 39 0.06 
2 2,407 149 16 y |1,991) 225) y y 430 318.7 39 0.04 
3 1 0 0 y 0 0; 0 0 430 430.0 
4 4 0 0 y 0 4) 0 0 430 422.1 
5 2,442 166 36 y |1,446| 336) y y 430 289.8 35 0.08 
6 381 41 0 y 0| 340) y y 430 382.6 31 0.08 
7 54 3 0 y 0} «44) 0 0 430 | 402.0 y y 
8 3 1 0 y 0 0} Oo 0 430 | 430.0 
9 747 22 12 y 329} 342) y y 430 265.9 37 0.04 
10 | 8,079,544 | 634,000 | 6,889 | 451 | 67 y | 4,239] 1,612) y y 430 | 341.4 


456 OIL AND GAS DEVELOPMENT IN THE TEXAS PANHANDLE 


Refineries.—Runs to the eight operating refineries for the year 1939 
amounted to 14,381,000 bbl.; a daily average of 39,400 bbl., or an increase 
of 2737 bbl. per day over 1938. At the end of the year only six refineries 
were operating, two having been shut down in September and November. 

Storage.—The oil in storage decreased 3,023,000 bbl.; that is, from 
5,601,000 to 2,578,597 bbl. The two weeks shutdown during the late 
summer were responsible for most of this reduction, which cut the total 
storage to the lowest figure in the field’s history. The total storage 
capacity at the end of the year was 15,691,500 barrels. 

New Developments ——No new oil-producing areas were discovered 
during 1939 and no additional oil acreage was proven. The gas trend 
connecting the Panhandle and Hugoton (Kansas) gas fields had one new 
gas discovery, which was important because of its aid in establishing the 
existence of this connecting trend. The latter lies in eastern Sherman, 
western Hansford Counties, Texas, and in the central part of Texas 
County, Oklahoma, and has never been included in the proven gas 
acreage tabulation, because of the indefinite boundary lines. A rough 
estimate of 78,000 acres in western Hansford County, 135,000 acres in 
eastern Sherman County, Texas, and 260,000 acres in Texas County, 
Oklahoma, is considered conservative—a total of 473,000 acres. The 
ITIO structure, in western Sherman County, which was tested last year, 


TABLE 1.—(Continued) 


. s Deepest Zone Tested to 
Producing Formation End of 1939 


Depth, Avg. Ft.2 


3 Name Agee i es z 
g 2) 8 ‘3m 
; Gale ag 
»Y > oS 
| 24| 8 ae 
1 Big Lime series (Wichita) ie Granite wash (E zone) y 
en 
Granite Wash (Cisco?) Pen 
‘ ee Lime series (Wichita) | Permo- 
Pen AF | Granit 
Granite Wash (Cisco?) Pen 0 Se Sig me: 
3 | Big Lime series (Wichita) peas AF | Big Lime series (Wich-| 3,311 
en ita, 
4 | Big Lime series (Wichita) bse AF Big Lime series (Wich-| y 
. . . - . en ita, 
5 | Big Lime series (Wichita) foe AF edie 5,333 
en 
6 | Big Lime series (Wichita) peer Arbuckle 8,013 
. * en 
7| Granite wash (Cisco) Granite wash (E zone) y 
8 AF Be ope Series y 
9 | Big Lime series (Wichita) Permo- AF Arbuckle = 2,957 


Granite wash (Cisco) 


_ 
—) 


2 Depths refer to oil sands only. 
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may expand into an additional extensive gas area, but the real extent 


cannot even be estimated at present. 


TABLE 2.—Rock Pressures and Gas Acreage, Texas Panhandle 


Sweet Sour Average 
County 
Rae Acreage Ra, Acreage RP. Acreage 
ii ee 350.0 | 225,259 | 209.9] 21,935 | 337.6| 247,194 
(Clana hulle ane nm 326.4 214,777 | 185.0 12,350 318.7 227,127 
Riartley. 0... 421.0 2,043 | 422.2 | 27,448 | 422.1 29,491 
Hutchinsonss.....3).. 273.5 35,796 | 293.0 | 181,275 289.8 217,071 
NOOR, see ict s.4 oot Aes 381.4 257,295 | 384.4 | 174,835 382.6 432,130 
THO eee pees Se ae 402.0 144,786 402.0 144,786 
WDCC OT aa sys cos ayia veisiars 265.9 153,768 265.9 153,768 
arate. se cee... 3 345.2 | 1,033,724 | 332.2 | 417,848 | 341.4 | 1,451,567 


Wildcats.—Nine wildcats were completed, none of which discovered 
oil or gas in commercial quantities. 
Armstrong County, 1; Collingsworth, 2; Cottle, 1; Lipscomb, 1; Roberts, 
3. The total footage drilled was 40,025 feet. 


They were distributed as follows: 


Oil and Gas Development in South Texas during 1939 
By Micuet T. Hatsoury,* Memper A.I.M.E. 


Soutn Texas, one of the world’s important oil and gas-producing 
areas, continued to hold interest during 1939 as another series of new 
fields and new producing levels was developed within its boundaries 
at a fairly continuous rate throughout the year. There were 1801 wells 


drilled in this area in 1939, compared to 1678 in 1938; of these, 1515 were ~ 


drilled in established fields, or as extensions to proven areas (semi- 
wildcat), and 286 were drilled as rank wildcats, in search of new produc- 
tion. Among these rank wildcats, 22 produced oil, 7 produced distillate 
and gas and 257 were abandoned as dry holes (see Table 5). Of the 
1515 field and extension wells, 1213 produced oil, or distillate and gas, 
50 produced only gas and 252 were dry; 38 found new productive sand 
levels in proven fields. Jim Wells County led this district in discoveries, 
having had 9 new fields and 9 new productive sands found within its 
border during 1939. Most active of the 1939 discoveries were Reynolds 
and Ben Bolt fields in Jim Wells County and Minnie Bock field in Nueces 
County; among producing fields the most active were: East White Point 
and Aransas Pass (McCampbell). Production from South Texas in 1939 
totaled 55,105,506 bbl. against a total of 56,152,122 bbl. produced 
in 1938. 

South Texas should continue its present rate of development and 
exploration and this should result in the discovery of many fields in its 
numerous oil-bearing zones, and should also lead to more knowledge 
of the possibilities of its deeper horizons, such as the Mt. Selman and 
Wilcox formations; with the latter holding particular interest at the 
present time. Tide Water Associated Oil Company’s A. M. Bruni No. 1, 


$ 


Cole-Bruni field, Webb County, the deepest well drilled along the | 


Mirando trend, was carried to 8959 ft., where it started to blow out from 


- 
: 


a Wilcox sand topped at 8954 ft., making gas, distillate and mud under ~ 


heavy pressure. After the well was killed, drill stem became stuck and 
was cemented in place in order to test a Queen City (Mt. Selman) sand 
logged from 5620 to 5675 ft. This and other shows found in other wells 
along this trend, but out of this district, have served to increase the 
importance of this but little explored Sparta-Wilcox trend of South 
Texas during the year, and more activity along it is to be expected in the 
near future. 


Summarized at meeting; manuscript received at the office of the Institute 
March 18, 1940. 


* Consulting Geologist and Petroleum Engineer, Houston, Texas. 
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Complete reference to the nomenclature of formations, produc- 
ing horizons, trends and other general geological and engineering infor- 
mation for this district is contained in Volume 127 and Volume 132 of 
the TRANSACTIONS. 


RECYCLING IN THE SoutH Trxas District 


The number of distillate-producing areas in South Texas has steadily 
increased, therefore the number of recycling plants operating or being 
planned has increased. To some extent this has been a result of an 
order by the Texas Railroad Commission, which required shutting in 
all wells wastefully blowing gas into the air. This order has prevented 
the use of regular separator methods in the production of distillate with 
excessive gas-oil ratios. Intended to conserve the gas resources of the 


‘state, this order necessitates recycling operations, by means of which 


pressure in the producing zones can be maintained and recoverable 
distillate reserves are greatly increased. With recycling operations, a 
relatively small number of wells is needed to drain a distillate-producing 
area, which is a saving to the operators, and areas formerly considered 
nonprofitable because of their extremely high gas and low oil content 
are now attracting the industry’s attention because of the larger and 
more economical production made possible through recycling. 

Clear or water-white distillate is believed by many authorities to 
exist as a vapor while in the underground reservoir; the heavier portions 
of this vapor are thought to condense into a liquid if pressure within the 
reservoir is reduced, as when distillate is produced without returning 
the dry residue gas to the producing zone. This reservoir condensation, 
considered to take place by means of retrograde pressure (a liquefaction 
of gases by pressure reduction at constant temperature), becomes only 
thinly diffused throughout the producing sand, creating a saturation 
too low to cause fluid movement to the well bore, and it becomes unre- 
coverable. By returning dry residue gas to the producing zone, reservoir 
pressure may be maintained, retrograde pressure condensation within 
the reservoir may be prevented and/or delayed, and a greater production 
of distillate may ultimately be obtained. 

Condensation of these gases on the surface is accomplished through 
normal temperature condensation in the well and in artificial cooling 
processes, where temperature reductions lower the kinetic energy of the 
gas molecules, causing liquefaction, and/or by retrograde pressure con- 
densation. Since this pressure reduction results in a like temperature 
drop, liquefaction is brought about by both retrograde pressure and more 
normal temperature condensation. Thus distillate is obtained when 
conditions of temperature and/or pressure in the well, or in the surface 
processing systems, become lower than those originally exerted on the 
distillate-bearing gases when in the reservoir. 
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It becomes a necessity, then, to return all possible residue gas to the 
formation, since the net loss of recoverable distillate in the producing 
sand, due to retrograde pressure condensation, is dependent on the 
extensiveness of the pressure decline. The injection of residue gas back 
into the formation is being carried on through the location of input wells 
on the flanks of structures or on top of structures. The problems pre- 
sented by different fields probably will result in a variety of arrangements; 
the question of which arrangement is best seems not to have been deter- 
mined, since recycling, already of great importance to South Texas, is 
relatively a new development in the petroleum industry. 


Field Discoveries in 1939 with the Trend in Which Each Is Located 


re a er ars eK kh Lay Pek TS. pe eee Lo Se 
Type of | Type of 
Field County Trend Production Field County Trend Production 
to Date to Date 
Adaminti2;0..c0 es Webb Mirando Oil Minnie Bock...... Nueces Frio Oil 
West Alfred....... Jim Wells Vicksburg Oil South Mirando 
Ben Bolt......... Jim Wells | Vicksburg Oil Valley.......... Zapata Mirando Oil . 
Blucher........... Jim Wells Vicksburg Distillate |Muralla.......... Duval Benavides Oil 
and gas (Pettus sand) 
Camndage..aca +s. Jim Wells | Vicksburg Oil 
(Hockleyensis dem .ck.oeeene. San Patricio | Frio Distillate 
sand) and gas 
North Casa Blanca | Duval Mirando Oil Reynolds......... Jim Wells Vicksburg Oil 
Chiltipin.......... Duval Benavides Oil (Frio sand) 
(Pettus sand) North Ricaby..... Starr Mirando Oil 
Clark-Muil........| Jim Wells | Vicksburg Oil, distil- | North Rincon..... Starr Vicksburg Oil 
(Frio sand) | late and 
gas Robeton:s dc ick ak Nueces Frio Oil 
Holland-Hebbron- Seabury<...-....- Starr Mirando Oil 
ville............| Jim Hogg Mirando Oil Selita. Saas Poe. 8 Duval Benavides Distillate 
LaGloria.......... Jim Wells Vicksburg Oil, distil- (Hockleyen- | and gas 
(Frio sand) | late and sis sand) 
gas 
South LaReforma. .| Starr Vicksburg Distillate |Southland........ Duval Benavides Oil 
(Frio sand) | and gas (Pettus sand) 
North Luby....... Nueces Frio Oil Sullivan City...... Hidalgo Mirando Oil 
Magnolia City.....| Jim Wells Vicksburg Oil Tarancahuas..... . Duval Mirando Oil 
(Frio sand) NOIDAC rcs cucteres y Webb Mirando Oil 
East Mathis...... San Patricio | Vicksburg Oil Wade City........ Jim Wells | Vicksburg Distillate 
(Frio sand) (Frio sand) | and gas 


During the year 1939 there were two recycling plants in opera- 


tion in the South Texas area, in the Agua Dulce field, Nueces County, 


South Corpus Christi district. The plants at Agua Dulce are recycling 
260,000,000 cu. ft. of gas per day and the average recovery of condensate 
is 25 bbl. per 1,000,000 cu. ft.; that is, 6500 bbl. of distillate per day are 
marketed from these two plants. Recycling plants are under construc- 
tion or contracts have been let for construction at Agua Dulce, Nueces 
County; East Alice, Jim Wells County; and LaBlanca, Hidalgo County, 
all in the South Corpus Christi district and all scheduled for operation 
during 1940. These three plants will have a capacity of 500,000,000 cu. 
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Area Proved, 
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Total Oil Production, 
Bbl. 


Acres 
Vea 
: : 4 
Field, County Dis- 
rc covery 
3 Oil Rat To End of During 
g ip dete 1939 1939 
a 
o 
A= 
MUENGAID) SME Dpre Aan Sorte Varela cuts ete «oak Soe 1939 190 0 12,852 12,852 
Weare WGlCe WN ae ces erie Gite cic alate resus vite ciogs ie iets 1928 150} + 9,5002 660,078 151,598 
snort Agua Dulce, Wewces): 2.2 oaGassd ene ga tees nede beaee 1938 50 2508 59,538 49,286 
MAI DORCAS ITE CUD tecy. ont sete cle atid aeaca ates eee hac eh mold eres 1927 250 200 2,500,071 16,925 
SPARC AUS) 27 ET CUES speck Me oe ira) Phin oP ardsie ene Mcren hick & gob cee 1938 140 0 87,753 57,064 
GC PANCETO ENERIN ENS Sosy eeitet seule dielectric wane dune 1938 1,280 4008 1,399,318 925,349 
7| East Alice (Tom Graham), Jim Wells.................045- 1938 680 3603 330,383 330,383 
SIEALia Mesa; ENO Oh Sicc eta sich stolart oil sais tsa seteyeureinmmie oe 6 oi 1926 420 180 484,059 141,894 
GIAItas VeErdes IGOKs sacks cic tie tetes vias a-scksciages wae precede ae 1936 100 60 30,076 7,076 
10} Alworth, Jim Hogg... ..| 1926 80 570 27,793 0 
11| Andrews, Zapata........... 1924 0} 2,000 Gas 0 
12] Angelita, San Patricio 1934 60 0 36,056 4,349 
MSI PAVANISAR (PAS), SGI! LGEECIOS fo occ. 5/0 sere» 214 ore nics eo ae oriplee ole 1931 0 760 Gas Gas 
14| Aransas Pass (McCampbell), San Patricio, Aransas.......... 1936 | 2,800 400 5,615,968 2,796,987 
TOI CASMIAS DRANG UN APY CUS sateen sis iene sie a) ils v.srn Salanayei eta tev isieve ots 1931 0 400 Gas Gas 
GEASS EOL MIT CU Oats eiepeist titcrsis eter es isi «ale vies ass ale aie ee nonaleieteg! « 1922 955 320 5,881,486 107,666 
A TIMERRIA WEN LVEUCEB s: vm erthieceereris waits «sims s a leypreren ale Sis sleraln 1985 270 40 679,778 112,054 
PGMA NiLerey AUIULIY EWG tar wieicte ke cue vite ME lb. eroala\cteore cial dincale oe, tere 1938 0 403 1,499 1,499 
MOI aNDACOME C SEGIM etre fit cisieiens mic aliie sia viatsleleime stpia’aciys «te ae 1933 80 580 33,374 1,908 
20| Benavides (North Sweden), Duval.............020202 002s cee 1937 5,900 200 7,155,895 2,866,661 
DUBen Bolt, JAM WeUg vccceper scorn eeciaaciewse nee ccteans 1939 840 40 98,102 98,102 
Psi sland KGCUUNG. oil cisis snictis:. siciere at clg aie ie seals tie wes 1938 40 408 8,366 8,366 
DSIMag UTIDe; LAPAGedriecrs cies siwiqinivolely sorarecetstes osiacegsgle wna e oe 1934 0 80 Gas 0 


1Includes West Alfred. 

2 Gas, or distillate and gas. 
3 Distillate and gas. 

6 Includes North Barbacoas. 


given on page 239. 


Se nn EE 
6 Footnotes to column heads and explanation of symbols are 
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TABLE 1.—(Continued) 


Total Gas pte  arci 
Producti : -production essure, 
Millions ” Number of Oil and/or Gas Wells Methods, End of 1939} Lb. per 
Cu. Ft. Sq. In. 
During 1939 End of 1939 Number of Wells® 
8 During ie pleted Initial 
19394 1939 Tem- é ra 
g Com- | Aban- | porarily| Produc- | Produc-} Flowing | Artificial 
1 pleted | doned | Shut | ing Oile |ingGas¢| Crude Lift 
I wn 
ao ee Sere ee Ore EEE he ee 
1 0 19 19 0 0 19 0 5 14 


to 
‘~) 
= 
to 
oo 
or 

co 
_ 
- 


2) 31,352.2 89 28 


3 | Included in 7 5 
Agua Pics 


r) 
_ 
~ 
S 
Lal 
) 


900 
1,200 
1/350 
7 633.2 43 39 0 7 34 2 34 0 ace 
1200 
500 
8 73.1 30 0 0 3 22 2 1 21 "a 
B75 
9 0 6 0 0 0 2 0 0 2 100 
10 0 16 0 0 0 0 0 0 0 
il 0 12 0 0 4 0 0 
12 0 3 1 0 1 1 0 0 1 { 7 
13| 1,892.1 19 0 0 12 0 7 1,480 
2'950 
2'200 
4 570.1 292 142 0 43 244 5 223 21 2'700 
2'500 
2/300 
15 293.8 6 0 0 1 0 5 
16 0 216 0 2 10 75 0 0 75 
17 105.7 9 0 0 0 8 1 0 8 1 225 
18 39.8 1 0 0 0 0 B 3,550 
19 0 13 0 0 1 2 0 1 1 
2,200 
a 
925 
20 302.2 274 22 0 22 249 3 209 40 oO 
400 
190 
875 
21 49.4 24 24 0 22 1 22 0 2,100 
200 
22 23.1 2 1 0 1 1 0 1 0 2,7 
23 0 3 0 1 0 0 0 he 


4 Gas production figures are totals through November, 1939. 
5 Does not include distillate producers. 
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ah | Line Number 


m= 3 
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eg Ses Producing Formation Deepest Zone Tested 
OL to End of 1939 
Repres- 
suring Depth, Avg. 
Opera- Gavi 
tion? ravity z 
faeces a | 2 
TE Name ais N 
Weighted 3 g 3 iS us| ‘} ey os 
Average 3| z a. fas) 5 S 
cy EL RW EetEn Glee iSiia os ag 
& |a| 58 S8/ Se (sz) £ ae 
Sy tal ee aN | ah iz a fas 
20.5-21.5 | Mirando Eoc | § Por 975|1,000 7 | ML | Mirando 
Gas Catahoula Olig| 8 1,998|2,400 | 10 sata 
55 Frio Olig | 8 4,650/4,675 9 
56-59 Frio Olig | S 4,800/4,900 | 15 
PM 37.5-58 | Frio Olig | § 30 5,295/5,307 | 10 | >DF | Yegua 13,728 
56 Frio Olig |S 5,575|5,700 | 15 
55-60 Frio Olig| § 6,615/6,845 | 15 
60 Frio Olig | S 6,932|6,938 | 6 
48.2 Frio Olig | S 4,810/4,834 | 15 
56 Frio Olig | 8 30 5,081|5,088 7 |}DF | Jackson 8,706 
48 Frio Olig| $8 5,575|5,593 | 18 
a Fos oe 2 Por a ae 17 | MF | Yegua 3,710 
Tio ig 1223/3, 11 
{ 45.2 | Vicksburg Olig | § 30-35 { 4°660|4,675 | 13 \ MF Jackson 5,774 
42 Frio Olig |S 28.7 3,480|3,600 | 16 
pie tas Ole | S| Por | siosolsier | 12 
T1O ig ‘or 5,030/5, 
44 Frio Olig|S | Por | 5,211/5,223 | 12 | 7A | Cockfield 7,335 
44 Vicksburg Olig | 8 Por 5,350/5,375 | 20 
45 Vicksburg Olig| S Por 5,450|5,500 | 20 
ee Ole |8| ‘por |dersla'700 | 10 
rio ig ‘or H 5 : 
56 Frio Olig}S| Por | 5,125|5,175 | 12 hh Vicksburg 5,760 
42-56 Vicksburg Olig | 8 Por 5,300/5,400 | 18 
ie Meraien ae p res 1,100 aie 20 
atahoula ig or 2,450)2,485 | 12 
24 Catahoula Olig|8| Por | 3,000|3,025 | 10 to Jackson 8,022 
25 Catahoula Olig | 8 Por 3,550|3,585 | 20 
21.5 Caprock Mio|8 Por 916] 926 | 10) DS | Yegua 5,096 
21 Upper Jackson Eoc | 8 Por 1,020|1,0830 | 6 | ML | Jackson 2,199 
Gas McElroy Eoc | 8 Por 1,510)1,515 5 | MF | Yegua 2,312 
38 Frio Olig | S$ Por 5,370|5,382 | 10 Ne | Fri 7.131 
36 Frio Olig}S | Por | 6,225/6,235 | 10 aT , 
Gas Catahoula Olig | S$ Por 3,653/3,663 | 10] D | Frio 6,026 
40.5 Marginulina Olig | S 6,539|6,554 | 15 
46 Frio Olig | § 6,780/6,888 | 15 
39.5 Frio Olig | 8 25-34 | 7,080|7,180 | 18 AF | Frio 9,074 
42 Frio Olig | 8 7,200|7,270 | 15 
58 Frio Olig | S | 7,345|7,419 | 15 
Gas Discorbis-Het.. Olig |S Por 2,170|2,200 | 10 | D_ | Yegua 6,315 
21 irando Eoc | 8 Por 1,525|/1,660 | 11 | MF | Cook Mt. 3,975 
Gas Oakville Mio/S Por 3,230|3,250 | 12 
25.8 Catahoula Olig | 8 Por 3,874|3,880 6 |} AF | Frio 6,610 
24.8 Catahoula Olig| 8 Por 4,050|4,074 | 12 
Gas Jackson Eoc | 8 Por 6,408 |6,416 8 | AF | Yegua 8,302 
Gas Catahoula Olig | § Por 685| 715 | 10 
Gas.24. 8-27] Frio Olig | Por | 2,450/2,950 | 15 |} DF | Yegua 6,567 
58 Cockfield Koc | § Por 5,376|5,398 | 22 
43 Cole Eoc | 8 Por | 3,840|8,975 | 22 
lorcet. wes |Hoc| S| bor |4780(4'765 | 20 
43 Upper Govt. Wells | Eoc or 5 5 
43.6 | Lower Govt. Wells |Eoc|$| Por | 4,755|4,830 | 25 | (AF | Yeeua Oa 
44.7 Pettus Eoc | 8 Por 5,310|5,382 | 22 
45 Cockfield Eoe | § Por 5,486|5,518 | 17 
41.5 Vicksburg Olig | S Por 5,181|5,272 | 15 ‘ 
Gas Vicksburg Olig | § Por 5,370|5,390 | 15 |}A | Vicksburg 5,480 
42.5 Vicksburg Olig | § Por | 5,413)/5,4383 | 15 é 
44 Frio Olig | S Por 7,200|7,310 | 80) AF | Frio 9,636 
Gas Jackson Eoc | § Por 1,825/1,840 | 15 | ML | Yegua 3,000 
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TABLE 1.—(Continued) 


Area Proved, Total Oil Production, 
Acres Bbl. 
Year 
Field, County cs 
covery 
rs . b To End of During 
Z alee Lae 1939 1939 
a 
o 
=| 
cl ee 
94 Blucher, calsisly ela s scevn sword rade eta ehee sake exe aan fer Peat 1939 0 403 | Distillate Distillate 
251; Calltham,” MoM ullen .-. ke actoww wigs ctche sean ofria s\s, diatcbate aerare 1918 500 730 821,426 60,134 
26\'Camada;. Jim! Welle. 352.0302. ce cvicte demmwos ects nas lees 1939 40 0 2,290 2,290 
97 | Campans,, MoM wien... aato 2.araee secaeleale eels icc eee ceniete 1938 10 0 |Spray with gas 0 
28| Captain Lucey, Sim. Welle, Bcc ccde cede on eteleie. t= vce 6 teeeele 1932 120 520 447,420 42,181 
909i Carolina——Texas; Webdz..., 2 jnclanwl cae eensie wi ce.cogiee we 1921 110} 1,460 260,947 3,836 
80] \Caaa Blancs, Duval s2 oo: fies aie dete stot sieisiare <imialete c'igie ds 1938 340 100 234,171 157,798 
$1) North Casa Blanca; Duval. ,...cc0er.osnek sto oalteencs cules 1939 100 0 26,845 26,845 
Sol Cédro. Hull, wDuedhsy. «sabe za tarns aerate ste oneis oe latsiss goatee 1938 200 40 50,795 50,324 
$3\(Chapmian Ranch, Nuecetiss vars « niietieieacteds «5; olaaleaeleiae sis 1937 50 40 42,782 1,372 
34\(Charamousca,®: Dusal sox soci ane se mavocle arate Ueistele sine. .6che ole 1935 210 0 323,777 134,284 
86)\Charco Redondo; Zapata... cae rweascserssiches. olelcn aoles sce ese vis 1913 570 60 185,164 1,464 
36) \Chiltipin; Dwadl oeso« nace cx sintcietle nice <ibeaiv ole ¢ <n siale mies 1939 40 20 4,621 4,621 
371'Clara: Driscoll, Nuecea.s .5..acusity sie suate tales eRe die vase oie.ccs 1935 720 260 1,695,015 722,616 
38| South Clara Driscoll, Nueces............0ccceeeeveeeeeeees 1937 360 40 411,652 249,547 
BO i Clarke Mul: Isms Mele ota sduists mpiatareswils 8a ablawaalae ceiees 1939 100 80 18,043 18,043 
40) (Clopton-Groen, Stair ws vara a ots sab cloak «ae od aicke a eteane 1937 0 10 Gas 0 
Cole Group, Duval, Webb 
41 ABE aR cere toe RI IRIE ae wees Ooo 1924 0} 7,000 Gas Gas 
42 O! Hernis sil nia. ices santine dean a Sele «cauhtvale-geliere 1927 | 2,300} 2,200 8,472,365 1,821,451 
43 WY Gath ier, AR eabaera ors: ke, ciel tar aaa aah ada so nes paae 1927 500} 1,000 4,217,937 126,970 
44 Briiniith ds Win dened atc Boas peaciemeebaanl ate a/aiabicie at she ate 1934 880 160 2,677,047 194,619 
45) (Colmenn, Utah ss case oa de dulsae seer ements cee ne cafe ote 1934 240 400 329,934 82,126 
AG) Colorado; Js Hogg. c.ad.20. cee'ss ge caidqan aces es syiees cela ale 1936 360 0 199,442 122,028 
47| Comitas (Haynes), Zapata. ..ccccecevcscrssvensveeccsecace 1934 750 40 1,299,358 251,054 
48} \Conova Driscoll, Dtigah. da2cas waree stant ace > tenets alen sls 1924 640} 980 2,089,152 646,629 
49) Corpus Christi (Saxet Heights), Nueces................0005 1935 1,500 160 6,520,225 470,111 
GO| (Crowther, Sf okfulen coc scus saan reacts evieseerive anak 1915 80 0 25,000 0 
Bl Cuellar, Zapata. se. eto, « saaiex Ueda deed havin antes sediesyste 1927 340 220 2,565,193 35,264 
7 Includes South Calliham. 
9 Includes 8.R.C. 
10 Includes Cole Middle 


1 Includes East Bruni. 
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aia Koee pectae 
uction, . il-pr ti essure, 
Millions Number of Oil and/or Gas Wells Methods, End of 1939 | Lb. per 
Cu. Ft. Sa. In. 
During 1939 End of 1939 Number of Wells® 
bi During Completed Initi 
a 19394 ne on et Tem- nitial 
2 Com- Aban- | porarily | Produc- | Produc- Flowing | Artificial 
is pleted | doned Shut ing Oile |ing Gase| Crude Lift 
A=! Down 
= —_ = 
24 83.8 i b 0 0 0 13 3,600 
25 23.7 137 5 2 12 58 2 0 58 
26 0 2 2 0 1 1 0 1 0 850 
27 0 1 0 0 1 0 0 0 0 140 
1,100 
28 909.2 17 0 0 0 5 12 3 2 200 
725 
29 658.7 65 1 2 10 2 9 0 2 
30 34.4 38 9 0 5 31 2 0 31 Pump 
31 0 9 9 0 0 9 0 1 8 
32 3.0 22 21 0 0 21 1 7 14 
33 341.0 2 0 0 1 0 1 on 
34 0 21 0 2 4 15 0 0 15 75 
35 0 328 1 3 12 52 0 0 52 
36 0 3 3 0 af 2 0 2 0 1,440 
400 
37 532.9 73 29 0 13 58 2 44 14 
2,150 
j 450 
38 33.2 29 10 0 1 27 1 23 4 
| : 200 
39 92.3 7 7 1 5 5 Db aes 
40 0 1 0 0 0 0 425 
41 2,468.2 105 0 0 27 0 58 
42 2,314.3 273 1 0 24 230 17 3 227 
43 43.4 119 5 1 15 60 6 2 58 
900 
44 128.3 60 0 0 12 38 2 15 23 
183.0 36 0 1 5 25 1 1 24 525 
ri 7 19 15 0 2 sf 0 6 11 65 
47 0.6 191 15 2 7 162 0 0 162 
48 183.9 64 13 1 8 36 4 30 6 
1,650 
49 335.7 251 0 19 40 85 1 60 25 | oo 
0 0 0 0 0 
50 0 23 0 0 395 
51 517.6 86 0 0 6 24 2 0 24 { 
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TABLE 1.—(Continued) 


Character Producing Formation Deepest Zone Tested 
of Oil to End of 1939 
Repres- f 
suring Depth, Avg. 
et bee Gravity . 
¥ API. at a |@ 
& 60° F., Name = E 3 § . Name 
8 Weighted 8 3 z a= se 2 sk 
Z Average 8 3 Bo 88 Es £ sag 
x Bid] & |8SlBE lskl z eS 
3 2|/O| & [eS |m™ lz“) & a 
24 54 Vicksburg Olig |S Por 7,500|7,560 | 20 A | Vicksburg 8,004 
20 Cole-Hock.8 Eoc | 8 Por 780| 876 | 28 : 
25 } 20.6 Govt. Wells-Pettus® | Eoc | S Por 1,030)1,060 | 10 MF | Carrizo 5,301 
Gas Loma Novia Eoc | 8 Por 1,230| 1,236 6 
26 46.4 Hockleyensis Eoc | 8S Por 5,627|5,637 | 10 | ML | Yegua 7,041 
27 22 Govt. Wells Eoc | 8 Por 2,492/2,517 | 20 | MF | Pettus 3,102 
Gas Discorbis-Het. Olig | § Por 3,893|4,000 6 : 
28 39.6 Frio Olig | 8 Por 5,350|5,370 | 20 AF | Vicksburg 6,500 
42 Vicksburg Olig | S Por 5,679 |5,685 7 
Gas Cole Eoc | 8 Por 1,270|1,280 | 10 
Gas McElroy Eoc | 8 Por ,800/2,200 | 65 
29 34 Cockfield Eoc |S Por | 2,597|2,615 | 10 | }DF | Mt. Selman 5,474 
46 egua Eoc | 8 Por 2,947|3,198 | 50 
42 Queen City Eoc | 8 Por 4,996|5,056 | 60 
30 20 Cole Eoc | 8 Por 1,180}1,190 | 10 | ML | Jackson 2,133 
31 20 Cole Eoc | 8 Por 1,030}1,059 9 | ML | Jackson 1,788 
32 20 ate el : Aed oo ae . ML | Jackson 2,530 
40.8 ‘atahoula ig ‘or ‘ « . 
33 { 408 | Frio lig] S| Por | 6464)6,484 | 20 \ ML | Frio 7,012 
20 Upper Hock. oc ‘or 4 ’ 
34 20.3 | Mirando Hoc |S | Bor | 1,525|1,590 | 10 | ME | Cook Mt. 3,892 
rio ig ‘or 
35 Gas _| Jackson Eoc|S| Por | 989] 995 | 5 } ML | Yegua 3,000 
36 46 Pettus Eoc | 8 Por 4,760|4,795 | 10 | MF | Pettus 4,860 
23 .5-27.8} Catahoula-Het. Olig | 8 Por 3,807|3,980 | 12 
31.5 Frio Olig | S Por 4,650/4,690 | 10 
37 37 Frio Olig | S Por | 5,120/5,133 | 10 | }Df | Vicksburg 8,194 
31-37 Frio Olig | S Por 5,265|5,433 | 15 
42 Frio Olig| S$ Por 5,505/5,720 | 15 
23.6 Heterostegina Olig | S Por 3,917|3,930 | 12 
32 Frio Olig | S Por | 4,648/4,748 | 10 , 
38 36.5 Frio Olig | 8 Por 5,076|5,090 | 12 |\ Df | Vicksburg 7,560 
35 Frio Olig | S Por 5,255|5,477 | 15 
40 Frio Olig | S Por 5,502/5,776 | 15 ( 
Hh ~ oe , Be 6,556 ae 10 |. 
rio ig ‘or 4,795)4,8: 20 . 
39 { 42 Vicksburg Olig|$] Por | 5:326\5:330 | 4 } N | Vicksburg 5,850 
40 Gas Cole Eoc | 8 Por 1,604/1,614 | 10 xz | Cook Mt. 4,620 
Gas Frio Olig |S Por 500} 515 | 10 
41 Gu Cole Eos 8 te 1,650 1,730 8 A Reklaw 6,394 
as irando 0c or R 45 10 F 
42 28.5 | Caddell Corkfield | Hoe | S| Por | 2750/2045 | 15 A | Queen City — | 5,057 
: irando oc ‘or 2,335/2,346 | 11 . 
egua OC or 1270/3, 10 . 
44 41.7 | Yegua Eoc |S | Por | 3,400|3/450 | 14 | fA _ | Wileox 8,959 
45 20 Cole Eoc | 8 Por 1,486/1,553 | 19 | ML | Yegua 3,396 
46 47.4 Cockfield Eoc |S Por 3,006|3,041 8 | ML | Yegua 3,202 
47 21.4 McElroy Eoc | 8 Por 815/1,000 | 10 | ML | Cook Mt. 3,502 
22.5 Cole ; Koc | 8 Por | 2,448/2,470 | 20 
48 23 Hockleyensis Eoc | 8 Por 2,884/2, 6 |>A Yegua 4,695 
Be ere eee] ae alte 
atahoula ig ‘or 0764, 8 . 
49 36.5 | Heterostegina Olig} S| Por | 5,157|5,167 | 10 ha Frio 7,531 
50 rd a Ce a — ; re : ae 10 | ML | x 
as cElroy oc ‘or P 116 | 16 
51 { 22 McElroy Eoc |8 | Por | 1.325|1'350 | 10 } ML | Mt. Selman | 4,532 
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Area Proved, Total Oil Production, 
Acres Bbl. 
Year 
Field, County Sl 

= covery 

8 Oil tasd To End of During 
g 20 BEd 1939 1939 

a 

o 

A= 

os 

eae Ese be ELSI PED ILD cs aiai ere acoxeyav Asie Sleretsie & wiske s Glavinacne ace Sip ately nue 1933 550 200 1,017,515 238,896 
FEMIDG Valid: ae 01 leo Sa eee ote EI SRSete OPC Oae nr GGetr ron 1935 20 0 500 0 
BPA CE LL GSCRRIEG LUGE ces tie Coro Sears ins eie tose icine tien! ello ele ara 1935 10 0 976 0 
6o| Bl Tanque (South Ricaby), Starr.......0.0.0.0ec0e0secee ees 1937 280 30 280,760 117,578 
eG SHISCODBSs LAVOE 5.) to's heats olaieials'a ovat. sa)s.s Harepe wanes eareieee ee 1929 3,330 340 8,371,887!2 379,319 
Daleizsell.. MoM aller. 7. cece stores eine Pere ace cfstolels she exstesanvste cre 1937 1,450 100 1,719,870 1,018,785 
BIH M ENCE E BUNSEN OFIS) (LUO Fae ese caye tia reer cle yeletecass fe wuslsialevee, oe 1938 750 0 1,028,381 828,382 
MEMES ROME ESI UES SIN ALOCOR: © Pee evans Stee c5a5: sro sauder eS arse cleeivisroue a 1936 2,580 20 4,774,297 1,322,477 
60} Government Wells, Duval........0: 020... cee eecece ew eeeees 1928 7,500 600 41,679,512 3,322,624 
ar Gr eT Tea h CAE VAG), USER siclesaccsore tate letesisis¥e o\cele suse’ step ee ove 1933 400 400 953,983 154,938 
GP IWELS elon Steariatete harm ee b cis tonn} oral scares sistarstele aptecteys-s spol evevecoly 1937 0 20 Gas 0 
63} Henne-Winch-Farris, Jim Hogg...... 0.0... seve cee evens 1924 720 440 3,211,027 1,978 
GAIPELOLL A UNL teen Sater = eras Paice aoomen ters aieleis wustclejers 1933 3,000 500 3,467,004 1,526,935 
65| Holland-Hebbronville, Jim Hogg............2000002+ee00es 1939 10 0 315 315 
PAE Sy al LPIL o-oo a So AG oe ApUBO AROS sop Gao) eeben a 1926 1,230 80 1,368,381 148,103 
Gif! diiebincrany qr artee opganneehbdOuede Aspbodpe ac ssaabensooboe 1914 400} 1,700 | See Escobas 294,660 
GS IeKelseyad 21) Ogg, DOK). srs'aisijsis -¥\-:-141 91m wletsiersi ei 2 cial slr ele) 1938 840 40 316,271 308,414 
69} Killam, Webb.........- Nihictiaiso Te eee ans Moe anes aye te eae 1937 650 150 687,762 196,272 
A NGonstdy Fall sania 8 COO tor syere\ncorshe arate aie! 270 -spaltie.ciaeivinele cisiares 1938 80 20 32,161 32,161 
WA Kamgsyvilles Klebur gis citcces cco es ole var es sie win 2 ls cone one 1920 240 675 716,512 14,308 
MeO er 2D Di gel var cicistaiel aleve vie slale ol eteieic #/ofewirisis elvis ele wieials _..| 1926 360) 5,000 765,299 138,941 
Ta EDD OM DUAL ara «:s, cic «teamcenerécs'el elo ofa sire ~isi¢ «lwielsyers e) eisiels ele wae 1934 200 500 234,899 68,667 
iy tint oe a CS eee 1936 0} 1,0003| 384,317 110,068 
TB Le GIOIA ANY WW CLUS ate. niaie o ein die'c ee sieisees o's clewelalee sioreniene 40 2008 8,319 8,319 
76| La Reforma, Starr.......-.....+.-.+-: 0 1003 on ite?! _ 4,426 
77| South La Reforma, Starr 0 503 | Distillate Distillate 
78\ Las Animas, Jim Hogs ..os ss cesses curse nae cere cse res 50 80 27,127 17,771 
Was Vieja, WiHGCY. 0. lcece. 12sec car ece rena tes vere 40 0 17,954 0 
SO DseceMel wT COU melee sreectetersyc ore) srale\«) vyaleicisie.s\- e1afoleis:sialstaiel le lv ciel 220 320 682,425 4,746 
e1'| Geaseholdets, Webb....c....02. + sree nce dere eccesenennene® 10 20 25,000 0 
82| Loma Alta, McMullen.............- Aes eee obs ete 20 0 117,030 21,524 


12 This total includes production for Jennings field 
13 Includes North Jacob. 

14 Includes Houser. 

15 Includes North (Deep) Kohler 
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TasBLE 1.—(Continued) 


om Gas On eeae teens 
ction, : -production essure, 
Millions Number of Oil and/or Gas Wells Methods, End of 1989 | Lb. per 
Cu. Ft. Sq. In. 
During 1939 End of 1939 Number of Wells 
i : Completed 7 
8 During | to End of Initial 
g 1939¢ 1939 Tem- : A 
Com- Aban- | porarily | Produc- | Produc- Flowing | Artificial 
a pleted | doned | Shut ing Oile |ing Gas} Crude Lift 
g Down 
4 — 
52 79.3 61 7 0 1 52 3 4 48 
53 0 1 0 0 1 0 0 0 0 
54 0 1 0 0 0 0 0 0 0 
55 0 20 5 1 4 15 0 3 12 200 
56 0 400 14 5 14 279 0 0 279 
57 0 148 47 0 7 141 0 0 141 90 
58 0 7 38 0 0 77 0 74 3 { tt 
59 621.1 116 3 0 6 109 1 95 14 1,420 
60 124.4 829 4 5 47 686 3 1 685 600 
61 0.1 21 1 0 5 14 0 10 4 | 400 
62 0 1 0 0 0 0 0 550 
63 0 181 0 0 0 1 0 0 1 
890 
64 207.2 330 69 0 21 298 5 107 191 1 475 
200 
65 0 1 1 0 0 1 0 0 1 Pump 
66 0 127 0 3 5 79 0 0 79 
67 344.7 119 3 1 3 99 4 4 95 
68 115.3 52 49 0 0 51 1 51 0 a 
69 0 92 9 2 10 74 0 0 74 225 
70 0 7 5 0 1 6 0 6 800 
71 25.2 20 0 0 3 7 1 1 6 
72| 1,840.5 91 1 0 14 14 25 3 11 
300 
43.4 2 
73 343 r) 0 1 8 14 4 6 8 Se 
106.2 2,700 
| 3 106. 10 1 0 3 0 2B | 3°00 
75 272.0 4 4 0 1 1 28 1 0 3,150 
76 173.7 2 0 0 1 0 18 2 
77 Gas 1 1 0 1 0 0 apr 
78 0 8 0 0 5 3 0 3 0 200 
79 0 1 0 0 0 0 0 0 0 2,056 
80 66.0 33 0 0 a 6 2 0 6 
81 0 3 0 0 0 0 0 0 0 
82 0 4 0 0 0 3 0 0 3 235 
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Character : : Deepest Zone Tested 
of Oil Producing Formation to End of 1939 
Repres- 
And Deptt, Avg. 
jpera- Sant t. 
Pea ravity 
5 poe APA. at ral 
60° F., Name Name 
| Weighted el eS Ss eus| b ae 
Zz, Average 3 Bey = a. |e] 38 om 
Bio] 6 By 8 A 
: 3/8) — |s8/ Sz ls8) = Bc 
Loa < |5 Ay a am jas) 4 am 
22.5 Cole Koc | § Por 1,450/1,540 | 20 
es { 33 Govt. Wells Foc |$| Por | 2,120|2,150 | 20 | MF | Cockfield 2,752 
53 y Frio Olig| 8 Por 6,685|6,770 | 20y| D | Frio 7,508 
54 43 Cockfield Eoc | 8 Por 2,850/2,862 | 12 | ML | Yegua 3,502 
Gas Catahoula Olig | 8 Por 425) 429 | 4 
55 31 Frio Olig | S Por 1,739]1,775 | 14 ML | Frio 2,379 
30 Frio Olig| S Por 1,866)1,879 6 
20 Jackson Eoc |S Por 1,020}1,050 6 
56 21 Jackson Eoc | § Por 1,137/1,302 | 14 |} MF | Cook Mt. 3,500 
21 Jackson _ Eoe | § Por 1,450}1,600 7 
57 2 avs Sal Novia oe Por Bren ae 11 | ML | Cook Mt. 3,108 
ockleyensis oc r ,592/3,62 15 
58 { a Pettus Eoc | § | 24-28 | 4,260|4,303 | 25 \ ML | Yegua 5,285 
59 42.5 Marginulina Olig| 8 Por 6,590|6,666 | 24) D | Frio 7,504 
Gas Cole Eoe | 8 Por 1,550/1,575 | 17 
60 22.5 Govt. Wells Koc | 8 Por 2,280/2,350 | 19 |} MF} Mt. Selman 5,858 
ce ae Hows i — : Ae aan 2,450 | 11 
pper Mirando OC ‘or 2,047)/2,055 8 
6 { 35.2 Lower Mirando | Hoc |S| Por | 2,092,232 | 23 | j MF | Yeaua aoe 
62 Gas Frio Olig| S Por 1,305|1,318 | 13 | ML | Frio 1,444 
63 21 Mirando Eoc | 8 Por 1,944|2,100 | 16 | MF | Yegua 3,546 
25.5 Upper Hock. Eoc | § Por 2,550/2,688 | 20 
64 23 Govt. Wells Eoc | 8 Por 2,720|2,760 | 12 |} ML | Yegua 3,800 
26 Loma Novia Eoc | § Por 2,820|2,895 | 30 : 
65 32.3 Loma Novia Eoc | § Por 3,217/3,223 6 | ML | Loma Novia 3,223 
Gas Mirando Eoc | § Por 780| 790 | 8 
66 21.5 Pettus Eoc | § Por 920} 975 | 7 te Mt, Selman 3,171 
ay | Mciieoy. oe {S| Por | —g0s|t240 | 20 
cElroy OC ‘or 9 Fe 0 
: a tee A | Sa Pata 
5 rio ig ‘or 1697/4, 
. Coy (aa Pg Oe ee el 
- irando oc ‘or A At} 
69 Gas & 45 | Cockfeld Woo | $| Por | 2475/2500 | 15 ML | Yegua dds 
2 irando oc or 0462, 
70 Gas & 45 | Cocktield Boo |$| Por | 249212524 | 28 ML | Yegua oe 
1.5 locene io or ; A F 
oe 22 Oligocene Olig | 8 Por 3,217/3,238 | 20 D_ | Frio ety 
21.5 Cole Eoc | 8 Por | 1,748/1,850 | 12 ; 
72 22.5 Govt. Wells Eoc | 8 Por 2,438|2,500 | 12 | » ML | Carrizo 7,723 
DES ceatemee fee |S | Por | passledeo | -7 
as ockleyensis oc ‘or h F 
73 { 37 Loma Novia Hoo / S| Bor | Fseolzio00 | 19 |} ME | Yeeua a 
gO Rr Oke |S | Por | zasol7'4s0 | 25 
52 i0 ig ‘or F , ; 
uM \ eM ‘ 48 | Frio Olig|S| Por |7saolra7s | 20|¢D | Vieksbure | 8.808 
} 56 Frio Olig | Por | 8,035}8,074 | 25 
60 Frio Olig | 8 Por 6,533|6,598 | 15 : 
75 60 Frio Olig| $8 Por 6,998|7,011 | 10 |+A | Vicksburg 7,545 
25 Vicksburg Olig| 8 Por 7,219|7,282 | 12 : 
76 51.6 ‘rio Olig| 8 Por 5,917|5,969 | 52} AF | Vicksburg 7,010 
77 51,5 Frio Olig | 8 Por | 5,798|5,832 | 40 | AF | Vicksburg 6,566 
78 18,7 Cole Eoc|$| Por | 1,782/1,828 | 22} A | Yegua 3,808 
79 48 Frio Olig | 8 Por | 7,630/7,646 | 16 | D | Frioy 10,286 
Gas Frio Olig | § Por 360| 366 | 6 
80 Gas Mirando Eoc | 8 Por 1,770 (1,777 6 | +} MF | Mt. Selman 3,165 
49 Cockfield Eoc | 8 Por | 2,244 2,275 7 
81 22 McElroy Eoc | 8 Por 1,049}1,055 6 | ML | Cook Mt. 3,034 
82 21 Chernosky Hoc | 8 Por 2,195/2,232 | 12 | MF | Cockfield 2,766 


470 OL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1939 


TABLE 1.—(Continued) 


Area Proved, Total Oil Production, 
Acres Bbl. 
Year | 
Field, County coh 
covery 

5 : To End of During 
| i de a8 1939 1939 
a 

o 

| 
4 

Soh LOMa NOvias DUvali ces iaers canteoireiaki ites hl aakte ara sat- aos 1934 7,410 270 20,159,100 3,437,934 

84) Loma ‘Valdes, Webb.cac. cece bs seine cee aiten 2.5 deals ois seleisiese 0 10 Gas 0 

85|' Loma) Vistas Duval. :2oe.05052<..sne ne pete as teen enelsle 10 10 17,610 2,995 

86) London, Niweces 2%: sts c wad: ccokioasiden ostin aaieta eee al 80 40 57,994 11,197 

87 Longhorn, Duta so o03 4. deoase- tae een tos eel se aie ao des a 820 0 435,284 435,284 

88) Lopena, Zapata: ©: sects. <els ulin 0} 1,040 Gas Gas : 
89] Lopez, Webb, Duval.................. 3,450 240 8,414,831 1,716,395 ‘ 
90} Los Olmos; Sarr: tivae s ocrane ane taal Se 240 310 589,497 29,009 : 
91! Los Picachos:: Duval cxjos.- oon cena eae eaten eee 20 0 576 

PARLEY on Pali bn) Ae) ine ric ACPO IACI een Aen Ooh AO CAR Ot 1937 2,800 40 4,009,931 2,389,663 

93) North Guby,. NW Uetess snc chvsinc stem Sonieiels cra ave nee eee 1939 40 0 9,879 9,879 ; 
94) Lundell Duval. %.c.\tqcran cass octeae tee neem avast canst Yeyes + 1937 580 120 385,061 216,523 : 
95) Magnolia City, Jim Wells 40 0 17,022 17,022 

06) Martines;: Zapata... S22. as.dns ciciem hls eee ane eae ede disor a 0 850 Gas Gas 
97| Mathis; San Patricio... scc+ iocmareiceme sc coc en # = areas 3 0 100 Gas 0 

98] East Mathis, San Patricio 40 408 750 750 . 
90] MeAllon: Ei sdalgos <x cass cates 0! eteteleoicvelsis ale os Wets.aia comical 1938 0 2408 5,738 4,846 
100) Mexcedes:Hidalgo: * <.cc cn ges onttaie aietcionconc Sia aero vie dats om 1935 0 5608 157,454 23,102 
LOL Mestinas.: Hidalgo... dctvaes dco comb nn an ae aia war ie gers 1935 0 408 See San 1,598 

Salvador 
LOZ Midway; Sarr alscto:. sees. a anette tats’ abaataetwsele vite ene 1937 300 0 533,984 240,951 
103} Minnie Bock, Nueces... . teeters kbs Mak wre. cere 1939 475 0 103,410 103,410 
1041 Mirando Citys IV 6uh s v.adp cine cuenta. stead calarere 1921 1,430 500 8,996,689 107,344 
1Ob| Mirando: Valley;1t Zapata’: ca.cvenei terion fee « <aiasieas amen 720 280 936,754 272,825 
LOG Mota Wenesis-cpacasaseaeencs gehaee 80 20 976,100 107,292 
107} Munson, McMullen.................- 150 20 81,825 71,999 
108} Muralla (Blanchard), Duval.......... Pave teyoe 40 0 8,288 8,288 
109| Odem, San Patricio................ 0 408 600 
HLOMOLOnIA abl Mies ces eer Re eee Sete 700) 150 | 1,224,601 417,121 
LIT PPalangana:(DUial. sii tdek om Accaee ee se ett wie eee 50 0 9,846 0 
112] Pena, Duval............... Way Maintnemiae sth cies SR io 0 40 Gas 0 
DTS Peters: usa tier dhe tee wk ae eee etic or eee 9 140} 1,400 155,114 22,161 
114 Peyote Jam: Hogg. svc in kath Seca e een eal mege so CR 1932 0 20 Gas 0 
116} Piedre Latah; Dutals, cases avuadeueck tans tas cvretet 1935 1,000 200 1,307,387 446,126 
116) Pietrie Pintaay Dusali; 0. <cn wat ceeelvattins fen eudins voit 1905 150 0 154,152 3,225 
117) Plymoauthy San Pauses veh 2 dian s/taieieca cai neve cervical 1935 3,320 120 17,775,635 4,194,376 
118] East Plymouth, San Patricio..........00.cccceesuceuseues 1938 0 120 Gas Gas 
17 Includes South Mirando Valley. 
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TABLE 1.—(Continued) 


Ale steel : : Reservoir 
Millions * Number of Oil and/or Gas Wells Mothake rae 1089 Sheek 
Cu. Ft. Sq. In. 
During 1939 End of 19389 Number of Wells® 
he Duri Completed 
os uring | to End of Tuitial 
| 19394 1939 Tem- 
S Com- Aban- | porarily | Produc- | Produc-| Flowing | Artificial 
i pleted doned Shut ing Oile | ing Gas¢| Crude Lift 
‘a Down 
4 
83 9.9 758 0 5 36 683 1 2 681 | = 
84 0 1 0 0 i 0 0 450 
85 0 2 0 0 0 1 0 0 1 
750 
86 0 4 0 0 1 2 0 1 1 { mek 
87 0 4t 40 0 2 39 0 34 5 | a 
88| 2,747.3 13 0 0 0 0 13 925 
89 10.2 369 0 3 9 340 1 93 247 760 
90 0 107 0 0 3 71 0 0 ra 120 
91 0 1 0 0 1 0 0 0 0 Pump 
92 0 148 45 0 1 147 0 147 0 1,710 
93 0 2 2 0 0 2 0 2 0 { ett 
94 101.5 64 23 0 0 61 3 30 31 640 
95 0 2 0 0 2 0 2 0 { ets 
96 66.1 27 0 1 20 0 6 620 
97 0 6 0 0 0 0 0 3 
98 10.0 2 2 0 1 1 0 1 0 { a 
2,025 
99 45.8 2 1 0 1 0 1 1,750 
2/200 
100! 1,012.7 7 0 0 5 0 2 { pee, 
101 86.1 1 0 0 0 0 1 1,840 
102 0 18 0 0 3 10 0 5 5 1,985 
103 0 23 23 0 0 8 0 23 0 1/240 
104! eal 295 0 1 9 78 1 0 78 
105 2.1 118 58 2 5 75 1 15 60 { as 
106 0 12 0 0 0 WW 0 0 rt 
107 0 14 rg 0 1 13 0 0 13 Pump 
108 0 2 2 0 0 2 0 2 0 1,050 
109 5.9 1 1 0 0 0 1 2,650 
110 0 140 0 3 25 110 0 3 107 { oe 
111 0 5 0 0 0 0 0 0 0 | om 
112 0 1 0 0 0 0 0 700 
113| 1,030.0 20 1 0 3 4 | 3 4 0 750 
0 0 0 0 
114 0 1 0 a 
3 4 122 2 50 72 
115 323.3 133 52 ee 
116 0 29 4 0 3 2 0 0 2 { 500 
ao 
1,100 
117 95.5 181 15 0 2 178 1 178 0 ‘ 
1,980 
9 
118 54.7 2 1 0 1 0 1 { 1/800 
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Character 
of Oil 


TABLE 1.—(Continued) 


Producing Formation 


Repres- 
suring 
Opes Gravity 
i AP.I.at 
a 60° F., 
g Weighted 
Z Average 
o 
| 
| 
26 
83 { 22.5 
84 Gas 
86 oy & 51 
87 43.6 
88 Gas 
89 22 
90 18.5 
91 24 
51.6 
92 49 
50 
93 51 
48 
Sia 
95 { rk 
96 Gas 
97 us 
98 35.5 
61.5 
99 58-60 
a 
100 { 50-60 
101 52-60 
102 29 
103 23.6 
104 ah 
105 20.5 
106 21 
107 22.5 
108 42.6 
109 57 
110 ns 
11 : 
112 Gas 
¥ Gas 
113 Gas 
234 
114 1Gas 
*Gas' 
115 $20.5 
22.5 
116 + 
32 
117 af 
40 
118 tiene 


Name 


Loma Novia 
Catahoula 
Catahoula 
Cole 
Govt. Wells 
Queen City 
Mirando 

Tio 
Govt. Wells 
Catahonla 
Heterostegina 
Heterostegina 
Catahoula 
Heterostegina 
Cole 
Frio 
Frio 
Hockleyensis 
Miocene 
Frio 
Frio 
Frio 
Frio 
Vicksburg 
Frio 
Frio Vicksburg 
Frio 


Frio 
Catahoula 
Hockleyensis 
Cockfield 
Upper-Hock. 
irando 
Mirando 
Mirando 
Pettus 
Frio 
Mirando 
Cockfield 
Catahoula 
kso 


Govt. Wells 
Mirando 
Govt. Wells 


Cole 

Govt. Wells 
Loma Novia 
Catahoula 
Hockleyensis 


Frio 
Heterostegina 
rio 


Depth, Avg. 
2 
> F, i) 
2 B 3S ae 
3 a Ke oy 
+1) a $ a8 3 & 

2/5| & |eXia 

Eoc | § Por 2,550 2,705 
Eoc | 8 Por 2,846 2,900 
Eoc | § Por 1,790 1,812 
Eoc |S Por 2,914 2,922 
Olig| S Por 4,698 4,730 
Olig| S Por 4,752 4,906 
Eoc | 8 Por 4,033 4,064 
Eoc | $ Por | 4,885/4,900 
Eoc |$ Por 2,147|2,170 
Eoc | 8 Por 2,126/2,144 
Olig | S Por 700 
Eoc |S | 22-26 | 2,166/2,196 
Olig | S Por ,306/4,354 
Olig | S Por 5,009|5,087 
Olig | S Por 5,155|5,175 
Olig | 8 Por 4,347/4,361 
Olig | S Por 5,073|5,085 
Eoc | 8 Por 1,513}1,530 
Olig | S$ Por 5,436|5,446 
Olig |S Por 5,704|5,714 
Eoc | 8 Por 1,921)1,927 
Mio|S8 Por 2,375)2,414 
Olig | S Por 4,417|4,422 
Olig | S Por 5,258|5,270 
Olig |S Por 5,970}5,994 
Olig | S Por 6,500) 6,955 
Olig |S Por 7,415/7,498 
Olig | S Por 7,430|7,524 

Olig |S Por 7,920] 9,00016 
Olig | S Por 6,658) 6,748 
Olig | S Por 5,323|5,370 
Olig | § Por 3,794/3,835 
Eoe | 8 Por 1,530) 1,540 
Eoc | 8 Por 1,925) 1,935 
Eoe | 8 Por 1,415} 1,425 
Eoe | 8 Por 1,790|2,000 
Eoc | 8 Por 900) 950 
Eoc | 8 Por 1,201|1,213 
Eoe |S Por | 4,710)4,715 
Olig |S Por 6,995}7,000 
Eoe | 8 Por 1,880]2,025 
Eoc | S Por 2,407|2,473 
Olig | L Cav 450] 455 
Eoc | 8 Por 2,730|2,744 
Olig |S Por 1,915]1,932 
Eoc | § Por 1,750/1,760 
Eoc | 8 Por 2,410/2,451 
Eoc |S Por 2,610/2,635 
Eoc | 8 | # Por 2,246/2,262 
Eoc |S Por 1,324/1,350 
Eoc | 8 Por 1,950 2,080 
Eoc | 8 Por 2,100 2,174 
Olig | 8 Por 180| 580 
Koc | § Por | 3,462 3,623 
Olig | S Por 5,500 5,525 
Olig | 8 Por 5,650 5,675 
Olig|/S | Por | 5,900 5,920 

Olig | 8 Por 6,156 6,15918 
Olig | § Por 4,808 4,836 

Olig| S| 28-34 


5,110 5,136 
| 


g 

a < 
ox o 

am) 5 

Se 3 

z~| a 
25 

7 \ ML 
19 

748 ML 
= \Nf 
"| }AF 
23 | A 
18 | ML 
17 | MF 
15 | MF 
15 

20 (we 
10 

10 

- \NF 
10 | MF 
10 

10 ha 
6 | ML 
10 | MF 
5 

“a \Nf 
24 

20 tb 
25 

16 

Ns \ DF 
90| D 
15| D 
15| D 
10 

a \ ML 
, | {Mu 
10 | MF 
12 | ML 
5 | ML 
i \ ML 
n \ Ds 
17 | MF 
5 

20 we 
15 

16 | ML 
7 

12 tan, 
10 

20 \Ds 
26 

t 

i AF 
20 

1 \aF 


OIL AND GAS DEVELOPMENT IN SOUTH TEXAS DURING 1939 


Deepest Zone Tested 
to End of 1939 
Name P 

Sk 

ag 

ah 
Cook Mt. 4,200 
Yegua 3,528 
Cook Mt. 4,732 
Frio 7,424 
Yegua 6,011 
Carrizo 3,502 
Yegua 3,487 
McElroy 2,612 
Govt. Wells 2,196 
Frio 7,595 
Frio 7,440 
Jackson 2,698 
Vicksburg 6,592 
Yegua 3,514 
McElroy 5,526 
Jackson 6,348 
Vicksburg 7,507 
Vicksburg 9,618 
Frio 8,123 
Frio 7,003 
Frio 6,011 
Reklaw 5,000 
Cook Mt. 3,660 
Yegua 2,178 
Pettus 1,501 
Pettus 4,822 
Frio 7,295 
Yegua 3,151 
Mt. Selman 5,454 
Caddell 3,620 
Yegua 3,309 
Yegua 3,210 
Yegua 3,250 


Mt. Selman 5,902 


Frio 


Frio 


16 Found productive on tests. Not producing 
18 Perforations. 


a 
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Area Proved, 
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Total Oil Production, 
Bbl. 


Acres 
bie 
: 0 
Field, County Dis. 
7. covery 
a4 ; b To End of During 
g Gey use 1939 1939 
4 
o 
A= 
a 
LOWE TOMONU hit WEG A eel tn cinco d slits aac adhe oticinersweghe os 1933 600 280 591,652 116,245 
ZO PDASG EOI OM bare 10 PY CUS aczcare, «1oje vo clwcotcnia oieneovarays © atte pode ats 1937 240 1208 113,064 53,286 
AZT BR ATICHO SOLO. LO UVAL Of ae e/a are, ole. uavatig siaicts ey Melee p eialelror hie 1935 350 160 178,024 136,818 
122 Randado, SAME LOGO cistteccdites <b rd Rots Sie iaad eee’ ad wish shoe le 1926 765 435 4,646,150 88,132 
AIMEVCISOM, s F-CO0 Ir are. ok dvs on taestalireteusiri ators teasechs cons ane ce 1909 20} 1,270 4,000 0 
PA MR OV TION, val 24700 TY C18 s 2 By Seas lah a tesa a'nyere AlOeabs rors 2,0Nlele Avo hs 1939 580 0 117,518 117,513 
db PROG, aM CAT allen spore, areca «aioe eis (eeee eect ely swt abs viele ats 1936 0 650 Gas Gas 
AGC AD Yoo NEON Ie ctor) stein sc ae s)nactineivw ayielniaimp cia minis. niece's 1937 100 0 25,454 17,600 
HO Tinach ard Ring uN ACCES Be Ac oes seiaese es eas aisles Giger Far abo ds ee 1937 520 100 397,843 263,720 
ZS MERATICON 2! SSEAET YS i tere psclnrels -aceletela te iaiators ie clermseiste GUNNS b.alelove eR 1938 80 2403 24,530 12,906 
IDS Rio! Grande City Start scares. sclera ctolearniaraercleniosare bainye aw Nee 1932 150 60 378,380 30,440 
TSO MRI VOrSIG OSI UECES aricins camision’ in. s\s lo cteicosts baie lavelolevacere stnag ele a. 8 1938 80 808 29,929 29,929 
ASU Robe LOS LVUeCes pescocrr ait « «ves eeia a-c areca eisipenreleieiesds ean 1939 40 0 6,915 6,915 
Mea tM EOOLELA Sy OLN ta crect|staislaiatevetnic.< =e? ow tescravate oe alas arabs Noam ees 1927 20 280 19,165 1,021 
PACES ACALOS Ae SLONT H stele a a iarin cv Ge, o{strstxstes sie sista tle eiatarereinntreye eas 19388 0 10 Gas 0 
134] Sam Fordyce,22 Starr, Hidalgo.......... 600. .c cee e ee eeeeees| 1984 1,600 900 7,369,991 819,868 
fet PASSES IAI VE COG lec eatctpeipietovare: ofa «sib i0'aya/eb ocho vintecaiete, sidbeleror 1929 50 120 21,504 767 
PAGIRSHAL THELO: Jeb US. cs me tins tse sia dev de clelvtalp sow eames tear 1934 0 120 Gas 0 
PSA pmaTC GSE) MONI ULES « -rteteasaia.e tints oralecseraieleishereeialern s)clelcie cay 1938 10 10 450 0 
WASIRS ANC SALVACOL:, LLTAGIGO).\.\ceaisiocs ayeckisies +: 010) opatelorv also wisleierele 1938 0 408 43,52124 26,672 
PSSA LO DOMINGO, SlGIN casita. «o> overs oicip viere cielo a cord tela. hare 1936 0 50 Gas 0 
SALONA IO NNGE cova ziels giteatita a ae wien v da seed haa e lene, Oesviaivan ni 1932 690 180 2,238,846 178,223 
Saxet, Nueces 

141 FENTON) Se ORR EIFS Oe attr ee AOE RS Steric cree ace enabks 1923 | 3,850} 3,800 

; 40,424,232 8,559,514 
142 MD BGD Meneeteretard cioeierticters aye Bis Corte eloseloieraietatereys, ecw snsicianvts 1935 | 2,450} 3,4002 
PASI SGaburya GeaiMectestersirere e sicice aia lniare,slowie elo wis) nicleleiv(oreisialdievere 19389 10 0 . . 250 _ 250 
AA TERS ibe pye UL teEl v creriaravecetaye efateteler eretatolita\ cs. sioloisrate tious lo ainiuielateness 1939 0 403 | Distillate Distillate 
145) Seven Pistons DUwal « </deig acre c sroverscsere-e s o1sjeioessisiays sis vie ovele oars 1934 | 4,420 240 | 10,601,387 2,134,297 


19 Includes Rancho Solo Extension. 
20 Includes North Ricaby. 
21 Includes North Rincon. 
22 Includes North Sam Fordyce. 
2% This total includes production for Mestenas field. 
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TaBLE 1.—(Continued) 


Total Gas poked +: herr 
roduction, f -production essure, 
Millions Number of Oil and/or Gas Wells Methods, End of 1989) Lb. per 
Cu. Ft. Sq. In. 
During 1939 End of 1939 Number of Wells’ 
: Completed 
B | During | to End of Initial 
g 1939¢ 1939 Tem- : nae 
3 Com- Aban- | porarily | Produc- | Produc-| Flowing | Artificial 
4a pleted doned Shut ing Oile jing Gas} Crude Lift 
g Down 
| 
119 235.9 42 1 0 10 29 2 2 27 { ai 
2,000 
1,600 
120 22.6 8 3 0 2 5 1,975 
2,200 
2,000 
121 19.1 37 17 0 4 29 { ee 
122 0 191 0 1 6 89 
123 0 18 0 0 0 0 
2,750 
124 0 29 29 0 1 28 1,475 
1,850 
125 470.9 10 0 0 2 0 650 
175 
126 0 10 6 2 3 3 Pump 
235 
650 
127 174.0 31 19 0 2 28 | 1,250 
550 
128 40.8 5 4 0 1 2 1,700 
129 7.4 30 0 0 4 15 
130 124.3 5. 3 0 1 2 1,450 
131 0 1 1 0 0 1 950 
132 0 5 0 0 0 1 
133 0 1 0 0 1 0 400 
400 
1,050 
134 93.6 256 17 5 35 131 1,250 
1,150 
2,800 
1,050 
135 0 6 0 0 3 2 1,227 
1,750 
136 0 2 0 0 2 0 1,200 
137 0 2 0 1 1 0 245 
138 1,436.2 1 0 0 0 0 3,200 
139 0 2 0 0 2 0 1,050 
140 0 57 0 5 5 41 
1,3 
141 350 1 eM 
38,092 .0 


ee 


—— 


EO ee 
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Line Number 


i 
_ 
oO 


= 
i) 
S 


134 


135 
136 
137 
138 


139 
140 


141 


142 


143 
144 


145 


Character F : Deepest Zone Tested 
of Oil Producing Formation to End of 1939 
Repres- 
ane Depth, Avg 
Opera- Gravity Ft 
tion? ee = g 
60° F., Name =i Name 
Weighted ~ ~ 3 = a s| a ee, 
Average S BS; & a. || 5 oF 
s oO © om (e ab Bs} aa 
B13] & \8S SE liseli E BS 
=} lie et WE qelel eael Aas 
22.8 Catahoula Olig | S; Por 2,250/2,350 | 10 
{ 24 rio Olig|}8'] Por | 3,165/3,265 | 11 \ D | McElroy 7,135 
60 Frio Olig | S Por 5,365|5,37018|  5y 
54 Frio Olig | § Por 5,465|5,480 | 15 
36-60 Frio Olig | 8 Por 5,626/5,63218) 6y| >D | Jackson 8,162 
Distillate | Frio Olig |S Por 5,807 |6,13828| 10y 
6.5 Vicksburg Olig | S Por 6,582/6,694 | 10y 
19.4-21.5} Cole Koe | 8 Por 1,826]1,869 | 12 ML | ¥ 3.7 
Gas Govt. Wells Eoc | S Por | 2,555/2,569 | 14 Cae TT 
20.5 Cole Eoc | 8 Por 1,225|1,275 9 | MF | Mt. Selman 5,222 
16 Jackson-Cockfield Eoc |S Por 390/1,010 | 15 | ML | Mt. Selman 3,247 
31 Frio Olig | 5 Por 4,817|4,928 | 10 
41 Frio Olig | S Por §,110|5,119 9|+A | Jackson 6,025 
35.5 Frio Olig | S Por 5,130|5,254 | 15 
Gas Cole Eoc | 8 Por 1,800/1,822 | 12 | MF | Yegua 3,534 
21-23 Frio Olig | S$ Por 1,294/1,317 8 
21.5 Frio Olig |S Por 1,432|1,437 5 | + ML | Jackson 2,844 
30 Frio Olig | 8 Por 1,604/1,611 vi 
H Re PoE Ge Penis 
TiO ig or 5,251/5,258 uf : 
39 Frio Olig|$| Por | 5,380/5,440 | 15 bee Hockleyensis | 7,567 
38 Vicksburg Olig |S Por 6,133/6,143 | 10 
41.4-59 | Vicksburg Olig|S | 26-39 | 4,154/4,294 | 20 A | Yegua 6,862 
27.3 Frio Olig | S Por 1,350]1,450 8 | MF | Jackson 3,258 
33.5-51 | Frio Olig | S Por 4,888|5,000 | 25 A | Vicksburg 7,510 
42.5 Frio Olig | S Por 5,548/5,582 | 20 A | Frio 7,089 
Gas Frio-Jackson Olig,| S Por 192} 200 8 
; Eoe A | Reklaw 4,827 
35 Queen City Eoc | 8 Por 3,560/3,590 6 
Gas Govt. Wells Eoc |S Por 1,650/1,661 | 11 | ML | McElroy 1,794 
21.4 Frio Olig | S Por 2,737|2,753 | 16 
23.5 Frio Olig | S Por 2,831)2,853 | 22 
23.2 Frio Olig | 8 Por 2,925|3,125 | 20 AF | Mt. Selman 9,708 
Gas Frio Olig | S Por 3,183|3,196 | 18 
Gas Jackson Eoc | 8 Por 5,840/5,900 | 20 
Gas Catahoula Olig | S$ Por 2,910|2,917 v4 
41.5 Frio Olig | 8 Por 4,002/4,023 | 13 | + AF | Hockleyensis 5,701 
52 Cole Eoc | 8 Por 5,151|5,163 9 
Gas Frio Olig | 8 Por 2,952/2,976 | 10} A _ | Yegua 6,480 
23 Cole Koc | 8 Por 1,147/1,163 | 16 | ML | Yegua 2,370 
Gas Frio Olig | S Por 7,630/7,645 | 15 | A | Frio 8,002 
Gas Frio Olig | 8 Por 2,461/2,616 | 25 A | Yegua 6,005 
22 Govt. Wells Eoc | 8 Por 2,300|2,500 | 40 | MF | Yegua 4,073 
24 Lagarto-Oakville Mio| 8 Por 1,000|8,150 | 15 
2 [Giaheet. | Oue|S| Por [stood sen | 18 
2: iscorbis-Het. ig ‘or k 5 «ow 
38.2-58.5| Frio Ole |S) Por-}s.5001e600 | 18 | (DE | Bric-Vieksbarg | 10,042 
56 Frio Olig | S Por 7,250|7,390 |140 
58 Frio-Vicksburg Olig | S Por 9,900|9,927 | 20 
22.6 Frio Olig | 8 Por | 1,328/1,383 | 5 | ML | Jackson 2,757 
51.7 Govt. Wells Eoc |S Por 5,334|5,345 | 11 Yegua 6,747 
21 Cole Eoc | 8 Por | 1,710/1,720 | 10 
mo leew, ESI Be EMA |B 
23 ovt. Wel oC ‘or ; F 
27 Loma Novia Foo || Por | 2,600/2,600 | 15 | 7 ME | Cook Mt. eo 
23 Mirando Eoc |S Por 2,540/2,565 | 10 
Gas Yegua Eoc | 8 Por 3,037|3,071 | 15 


23 Found productive on tests—not producing, 
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ft. of gas per day and with the assumed average rate of 25 bbl. of con- 
densate per 1,000,000 cu. ft. of gas per day, these three plants will 
probably supply an additional 10,000 bbl. of distillate per day from the 
same district. These three plants, together with the present operating 
Agua Dulce plant, would probably yield 16,500 bbl. of distillate per day 
by the end of 1940. There is no question that recycling plants in the 


South Texas area will be very important economically. 


TABLE 1.—(Continued) 


Field, County 


Line Number 


146} South Seven Sisters, Duval.......... 0c cece cece cere eee eeee 
147| Sinton; San Patricio. axa casncssceraniten is Mrraes aiveievine 
148] Southlandy: Ducal «coh cces we desta corsets entero) oni8s male aie 


1461) Stratton; WV uscees « ansiera's ateiehelee ya hee alstasa sasipis aie tceinlelete 


150) Sullivan (South Agua Dulce), Nueces. .............200se eee 


151) Sullivan City; dadalgo s cocascs ceemienentes be cpen oF are ance 


150| Bans Starta. sodecs tees pete sc eater aot to age wr asviat pt dhs 


TSS || Gwoderi; DuOae fyivnie make alate tole Maresh es clean: olaly Gespiece equates 


154) Taft, San Patiaty, fs sucny testes haem ts seh ane cts 


THI Dara nonluiag: su wal, Si. crghicth sav et ier siwreren vin oetalele 0 alotvie e-oly 
LG a RONG: LIAL 6: aha, «crx 6 praca ale sch tetanarecisib steal siaisreha aid acd 
157| Thomas Lockhart, Duval 


158) Turkey Creek (West Saxet), Nueces. ............0eeeceeees 


159| Villa, Zapata... 
160] Volpe, Webb..... 
161] Wade City, Jim Wells 
162) Wentz, McMullen..............005 

LGB! Wreslatin, AGGtG0. i cicw cnviawiary tre nrad se eit nisisrale Catala» viele angio 


164] White Point, San Patricio 


Came meee ee eee eee eeeeeeeesesene 


Cee ence neem es asererreseees 


LGC] Wray ZODOO. cs gartacee asco snutseae claecaenon seen tere 
168} Young (Charco Blanco), Starr 
Total 


Area Proved, Total Oil Production, 
Acres Bbl. 


Year 
of 

Dis- 

covery 

: > To End of During 
Ol) | Gas 1939 1939 

1937 330 0 459,801 239,923 
1934 225} 100 82,268 4,770 
1939 80 0 16,622 16,622 
1931 0} 1,0003 388,074 236,099 
1936 120/ 6808 92,133 14,755 
1939 100| 160 24,665 24,665 
1938 680 80 151,477 139,782 
1937 150} 160 242,606 96,578 
1935 720 80 3,366,222 998,604 
1939 20 0 1,000 1,000 
1938 140 80 125,191 97,885 — 
1937 100 0 17,146 155 
1938 890 40 2,062,593 | 1,216,736 


0} = 120 Gas 0 
150 0 21,317 21,317 
0 808 3,128 3,128 
0 80 Gas 0 
0 408 2,125 137 


100) 3,900 135,415 18,961 


2,950) 120 2,315,588 1,947,125 


0 120 Gas 0 
0 80 Gas 0 


0 20 Gas 0 
97,790} 70,9108 | 273,187,554 | 55,105,506 


i. 


i aT) ee 


pete SS all 


; 
¥ 
; 
, 
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The octane value of straight-run distillate from the present plants 


varies from 52 to 70; however, at the present time, in two of the above- 
mentioned fields, small reforming plants are being planned, which are 
capable of handling 2000 bbl. of distillate per day and which will raise 


the octane values to 80 plus. 


A product with this high octane value 
would probably command a price in the neighborhood of $2.50 per 


barrel. 
TABLE 1.—(Continued) 
eee Gas Ag ote 
oduction, . : ; il-production ressure, 
Millions Number of Oil and/or Gas Wells Methods, End of 1939| Lb. per 
Cu. Ft. Sq. In. 
During 1939 End of 1939 Number of Wells® 
sy , Completed 
3 During to End of Initial 
g 1939 1939 Tem: : on 
Com- Aban- | porarily | Produc- | Produc-| Flowing | Artificial 
4a pleted doned Shut ing Oile |ing Gas*| Crude Lift 
g Down 
A 
146 0 33 0 0 2 31 0 0 31 
2,200 
147 177.9 7 0 0 1 1 1 1 0 { gh 
148 0 4 4 0 2 2 0 2 0 { at 
1,850 
149| 16,836.3 12 2 0 6 0 63 fen 
sf 2,000 
150 306.1 iy 0 0 5 1 13 1 0 2,200 
151 447.2 9 9 0 5 3 1 3 0 | 1378 
1930 
152 151.5 19 15 0 3 15 1 15 0 ! 730 
800 
“ 
153 641.0 12 0 0 2 8 2 4 4 ‘ 300 
600 
154 46.8 73 0 0 2 70 1 59 11 1 850 
155 0 1 1 0 0 1 0 1 0 
156 39.5 8 4 0 2 5 1 5 0 { ia 
0 4 0 0 0 0 1,450 
157 0 4 0 0 
5 
0 0 60 0 47 13 875 
158 0 60 i ! 13 
159 0 3 0 0 0 0 0 375 
160 0 12 12 0 0 12 0 4 8 Pump 
161 58.4 2 2 0 1 0 13 1,850 
162 0 3 0 0 0 0 0 200 
163 13.4 1 0 0 1 0 0 2.960 
2 7 1 1 2,000 
164| 2,134.1 48 2 2 8 50 
165 172.9 161 131 0 2 157 2 157 0 1 500 
166 0 4 0 0 2 0 0 460 
167 0 3 0 0 0 0 0 150 
168 0 1 0 0 0 0 0 960 
11,029 | 1,320 113 862 7,421 | 4083 2,486 4,935 
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The possibilities for additional recycling plants in the South Texas 
area are very encouraging and tests have shown that the recovery 
factors in some of the fields certainly warrant such construction. Each 
field, of course, has its own peculiarities, which necessitate accurate 
tests and data before final conclusions are drawn. From an economical 
standpoint and by employing a more or less ‘“‘rule of thumb” method, 
installation of recycling plants erected on a pressure capacity of 1250 


TaBLE 1.—(Continued) 


: ; Deepest Zone Tested 
Or on Producing Formation to Bnd of 1939 
Repres- Depth, Avg. 
suring Ft. 
Opera- Gravity * 
| tion? | A.P.J.at a] 8 
3 60° F., Name = . a g 2 Name 4 
g Weighted 8 2 a= Were) | ES sk 
Zz Average 8 = Grol Bates ee Aas 
2 3is| 2 |38 23 [38] = BS 
3 2|5| & jeS|a™ iz] a Aa 
22 Frio Olig| 8 Por 1,559} 1,566 7 
tls let ee ons eee gee eaeey| oe 
44 Tio ig or 5 Fi 
147 33 Frio Olig : p aie 5,880 5,905 10 A | Frio 7,438 
44.8 Pettus 0c or F B 
148 { 46 Cockfield Eoc|8| Por | 5,355/5,365 | 10 | § MF | Yeaua sine 
{Ba |B as | a (pasta | 8 
49.3 io ig or * A . 
ws PM y| 38 Frio Olig|S| Por | 6,273/6,300 | 27|¢P | Frio ss 
& 54 Frio Olig | 8 Por 6,481/6,485 4 
43 Frio Olig | S Por | 5,756}5,780 | 15 ! 
150 Distillate | Frio Olig | S Por 6,400/6,410 | 10 |} DF | Frio 6,912 
Distillate he ae : Ved SH sored = 
24.8 rio ig ‘or ‘ . 
1b tas Al ie Ole |S | Por |aiegeis.oss | 25 |}AF | Mt. Selman | 9,708 
52 Frio Olig| 8 Por 4,111/4,142 | 15 
46 Frio Olig | S Por 4,610/4,670 | 15 
152 43.7 Frio Olig | S Por 4,842/4,858 | 16 A Vicksburg 5,926 
45.1 Frio Olig | 5 Por 4,900/4,972 | 10 
47.9 Vicksburg Olig| 5 Por 5,115}5,135 | 20 
CH |e wa Jee |s| FE (tate |B 
6 pper Govt. Wells oc or A , 
153 Gas Lower Govt. Wells | Eoc | 8 Por 5,100/5,116 | 16 AF | Yegua 6,531 
\ 58 Cockfield Eoc | 8 Por 5,845|5,869 | 24 
24 Catahoula Olig | 8 Por | 3,975/4,010 | 20 
154 1 25.6 Catahoula Olig | 8 Por 4,300/4,375 | 20 |} DF | Frio 6,926 
24.5 Heterostegina Olig | S Por 4,900|/4,934 | 20 
155 ae fi _e 2 int meee a + L | Caddell 3,309 _ 
as ettus 0c or ,828/4, 
1G { & Pettus Hoe [S| Por |s.oso|sise | 20 |}NF | Yeeua 5,541 
157 56.8 Pettus Eoc | 8 Por 4,659/4,672 | 13 | MF | Yegua 5,502 
22.6 Catahoula Olig| 8 Por 3,846/3,860 | 14 
25 Jatahoula Olig | 8 Por 4,025/4,080 | 10 
158 43 Frio Olig | S Por | 5,641/5,664 | 19 | »DF | Frio 7,511 
35.2 Frio Olig | 8 28 5,794|5,872 | 19 
| 28 Frio Olig | S Por 6,430)6,456 | 26 
159 Gas McElroy Eoc | 8 Por 1,657} 1,664 7 | ML | Cook Mt. 3,000 
160 225 Mirando Koc | 8 Por 2,458|2,488 8 | ML | Yegua 3,717 
161 47.7 Frio Olig | 8 Por 4,788/4,813 | 10 | ML | Jackson 5,411 
162 Gas Cole Koc | S$ Por 370| 382 | 12| N_ | Yegua 1,654 
163 51 Frio ; Olig |S | 23-27 | 8,634/9,005 | 15 |} A Vickabene 9,182 
Gas Lagarto-Oakville Mio|S8 Por 1,900}2,800 | 10 
164 31 Heterostegina Olig| 8 Por 4,880/4,961 | 10 |} AF | Frio 7,211 
29.8 Frio | Olig | 8 Por 5,672/5,676 | 4 
Gas Oakville Mio |S Por 2,495)2,505 | 10 
165 Gas Catahoula Olig | 8 Por | 4,010/4,015 | 5 |}AF | Vicksburg 8,383 
39.6 Frio Olig| S| 24-33 | 5,630/5,680 | 30 
166 Gas Frio Olig | 8 Por 963) 975 | 12) A_ | Jackson 3,360 
167 Gas Jackson Eoc | 8 Por 348) 370 | 22 | ML | Mt. Selman 2,000 
168 Gas Jackson Eoc | 8 Por | 2,708)2,730 | 15 | MF | Jackson 3,008 


————————— 
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to 3000 lb. cost to install from approximately $3500 to $7000 per million 
cubic feet of gas per day recycled. The cost depends on the recycling 
pressure and the temperature control of the plant.* Because of the 
peculiarities of each field and the high cost of building recycling plants, 
and the question as to whether or not these plants will become profitable 
in the future, it is extremely important that tests be made on the wells 
before any recycling plant is built. Recent methods have been devised 
for testing the economical and engineering phases of the value of building 
these plants in various fields. These tests and reports give information 
on plant designing, plant operations and economics of their operations. 

It is predicted that the South Texas area in the future will not only 
be a testing ground for recycling plants but also one of the most profitable 
areas where these plants will operate. 


Duval County, Larepo District 


Southland Field—On April 13, Henderson, Coquat Amselma Oil 
Co. completed Southland Insurance Company’s No. 1, Flores Grant, 
several miles south of the town of Sweden, from Pettus sand at 5286 to 
5298 ft. to discover the Southland field; flow of 170 bbl. of 44.8 gravity 
oil was through 549-in. choke under 600 Ib. tubing pressure and 1240 lb. 
casing pressure. In October, Hiawatha Oil Company’s Southland 
No. 3A flowed 198 bbl. of 46° gravity oil per day from perforations at 
5355 to 5365 ft. in Cockfield sand. Flow was through 59-in. choke 
under 865 Ib. tubing pressure and 1175 lb. casing pressure. 

Muralla Field—Atlee Parr No. 1, J. B. Blanchard et al., sec. 298, 
was completed on May 22 in Pettus sand at 4710 to 4715 ft. for a flow of 
45 bbl. of 42.6° gravity oil with much gas to discover the Muralla field. 
Production was through 34-in. choke under 1050 Ib. tubing pressure 
and 1550 lb. casing pressure. 

North Casa Blanca Field.—Transwestern Oil Company’s Duval 
County Ranch Co. No. 21, sec. 297, was completed on May 28 in Cole 
sand found at 1045 to 1054 ft. It produced 65 bbl. of 20° gravity oil 
daily on pump. 

Chiltipin Field——On June 30, Wm. M. Nicholls Jf. Graham Nol; 
sec. 572, produced 46° gravity oil with gas from perforations from 4784 to 
4790 ft., in Pettus sand at 4760 to 4795 ft.; production was through 
1é-in. choke under 1440 lb, tubing pressure and 1660 lb. casing pressure. 

Sejita Field—Standard of Texas completed Jack Casey No. 1, sec. 4, 
on Oct. 25, for a flow of 10 bbl. of 50° gravity distillate and 2,500,000 
cu. ft. of gas per day through 3o-in. choke under 2150 lb. tubing pres- 
sure, casing sealed. This discovery of the Sejita field drilled to 6747 ft., 
and found a Yegua sand from 6588 to 6611 ft. ; the well was then plugged 
back for completion in Government Wells sand from 5334 to 5345 feet. 


* Private communication: E. O. Buck, Gas Laboratories, Inc., Houston, Texas. 
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TaBLe 2.—Summary of Drilling Operations in South Texas 
Important Wildcats Drilled in 1939 
Total Deepest 
County Well Name and Location Depth, ones Horizon 
Ft. Tested 
Larepo District ; 
Dal Davalecceeseeets ee act Graham No. 1, survey 572 4,838 | Goliad Pettus 
BU WDawalogentecs op acca cee Parr No. 1, Rogers survey 4,822 | Goliad Pettus 
SiDuvall.\, cada ce oversees Southland No. 14, Flores grant 5,298 | Goliad Pettus 
Ay ND ural sh techs ste eects Casey No. 1, Copita Farms, blk. 26, sec. 4 6,747 | Goliad Yegua 
BW Durvaleek > citi wee aeteeoatns Gorman-Hofiman No. 1, sec. 119 3,309 | Goliad Pettus 
Oi) DitvalijocscinvsSeacmsienwe Miller No. 2A, Longhorn field 4,038 | Goliad Jackson 
Tall Vals + cco cokes aia D.C.R.C, No. 21, survey 297 1,059 | Catahoula Cole 
87 Dravalines 2 titocsiewitee ses Welder No. 2G, Seven Sisters 3,115 | Goliad Yegua 
Ol Duvalle. hectten wasteaes Southland No. 3A, Southland 5,365 | Goliad Pettus 
POV), Dabs c-apare tem cte et gears J. Mew No. 1, Fitzsimmons 4,285 | Goliad Pettus 
LIM Duvall eiendce set naestar A. Weil No. 1, sec. 113 2,806 | Goliad Loma Novia 
12°|, Duavalgceiseesaeceae A. Weil No. 2, sec. 113 2,836 | Goliad Loma Novia 
£9! || Duvall shoe fosteloct ceoteers Spence No. 2, Tesoro 4,848 | Goliad Pettus 
14. Daval.aredeeenk soso att Peter No. 1A, Rancho-Solo 1,839 | Goliad Cole ‘ 
15,;) Jim Boggis. 22: < sence I. Gutierrez No. 1, blk. 4, Mayfair subd. 3,223 | Goliad Loma Novia 
TS [RUA LORE Soi ee a/ie tee sae King Ranch-Colorado No. 1, Colorado 3,041 | Catahoula Cockfield 
17 | McMullen..,.............- Ezzell No. 96, So. Cal lliham area, sec, 42 1,537 | Catahoula Jackson 
18°] Starr. icey.e nee» seanicaciee Seabury No. 1, Porcion 80 2,757 | Goliad Jackson 
1011 Starr 's.cccserct wossae see Ricaby No. 1, Porcion 83 1,305 | Goliad Frio 
20i)|| Starr paves asane dacionere Cameron No. 1, survey 228 4,178 | Goliad Vicksburg 
OL Stare wis -teciviee ace. nee Guerra Fee No, 2, Farrias grant 6,566 | Goliad Vicksburg 
22) Starr ss. zeledaandeses oeadee ys Lester No. 1, No. Ricaby field 1,437 | Goliad Frio 
OBI StARY’,...eehimieaieleless enantio McKinney No. 3, Sun field 5,068 | Goliad Vicksburg 
O47 | BtatPs oc. ene ee ts coon McKinney No. 4, Sun field 5,382 | Goliad Vicksburg 
DB NiStarr ssi swe sa'paeehemeeants Olivarez No. 2, Sun field 5,650 | Goli Vicksburg 
DGE| Starr, 5. wayne ee sees Speer No. 1, Sun field 5,188 | Goliad Vicksburg 
OTA Star dude. < comer aunts a ate Montalvo No. 1, Sun area 5,134 | Goliad Vicksburg 
DRM SOAR sn sececteais teh einer T. B. Slick No. 1C, sec. 528 4,320 | Goliad Vicksburg 
90'\| Starry, fecadteek ake eh Lopez No. 1, Sun area, sec. ve 4,965 | Goliad Frio 
£0 Start rd; snare ooh o x eee Dallas J. T, L. Bank No. 1, Rincon area, 
sec. 226 5,025 | Goliad Jackson 
BE Starr ceceann actesnc's oo ston Garcia No. 1, Barbacoas area, sec. 90 6,567 | Goliad Yegua 
BOiWebbics, /isses canis acters Adami No. 1, A. B. & M. survey, sec. 345 999 | Frio Mirando 
Benavides No. 5B, B.S. & F. survey, sec. 695 | 2,466 | Goliad Mirando 
Benavides No. 1, West Cole area, sec. 693 2,350 | Goliad Mirando 
A. M. Bruni No. 7, Cole-Bruni 8,959 | Goliad Wilcox 
.| R. Lopez No. 1, blk. 5, survey 113 1,798 | Frio Mirando 
R. Lopez No. 4, So. Mirando Valley 1,810 | Frio Mirando 
Vela No. 1, Porcion 20, Lopena area 2,508 | Jackson? Mt. Selman 
McGill No. 5, Kelsey field 6,407 | Sand dunes Jackson 
Ed. Sullivan No. 1, Sam Fordyce area, Por- 
cion 39 3,465 | Goliad Frio 
V. G. Chapa No. 1, Sullivan City Field, 
Porcion 40 3,986 | Goliad Frio 
R. E. Harding No. 1, La Blanca 8,074 | Beaumont Frio 
McDougall No. 1, La Blanca Lp - | Beaumont Frio 
c 
E. M. Card No. 1, McAllen 7,507 | Beaumont Vicksburg 
Annie Sheldon No. 1, Porcion 40 4,170 | Goliad Frio 
Von Blucher No, 1, Best survey 7,565 | Lissie Vicksburg 
Clark No. 1 tapes grant 5,330 | Lissie Vicksburg 
Sam Maun Tat Gloria subd. 7,545 | Lissie Vicksburg 
Adams No. 1, yio= survey 4,689 | Lissie Vicksburg 
Shear No. 1, ‘A. B, & M. survey 6,592 | Lissie Vicksburg 
Smith No. ity La Trinidad grant 5,251 | Lissie rio 
Hoffman No. 1, sec. 8 5,826 | Lissie Hockleyensis 
Miller No. 1, Agua Dulce grant 5,617 | Lissie Vicksburg 
Pundt No. 1, Poitevent survey 5,411 | Lissie Vicksburg 
Perales No. 1, Ben Bolt 5,467 | Lissie Vicksburg 
Muil No. 1, Clark-Muil field 5,330 | Lissie Frio 


ee 
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TABLE 2.—(Continued) 


Important Wildcats Drilled in 1939 


Drilled by 


Cnr Oorwrdre 


© 


Nicholls Oil Co. 
Blanchard Oil Co. 
Henderson & Coquat 
Standard of Texas 
Cox and Hamon 
Longhorn Drilling 


Transwestern Oil Co. 
Wellington Oil Co. 


Hiawatha Oil Co. 


H. J. Porter 
Magnolia Petr. Co. 


Magnolia Petr. Co. 
Magnolia Petr. Co. 


Clark & Cowden 
Mayfair Oil Co. 


Humble O. & R. Co. 
Edwin M. Jones 
Clopton & Mitchell 


Bishop, Moss & Owens 
Transwestern Oil Co. 
Magnolia Petr. Co. 
Howard Bass 


Sun Oil Co. 

Sun Oil Co. 

Sun Oil Co. 

Sun Oil Co. 

Sun Oil Co. 

W. R. Davis 

Sun Oil Co. 
Davenport & Hoffer 


Magnolia Petr. Co. 
Gordon Johnson: 
Magnolia Petr. Co. 

V. G. Schimmel 

Tide Water Associated 
Interstate Minerals 
Interstate Minerals 
Harper & Smith 


Humble O. & R. Co. 
Fohs Oil Co. 


John Messenger 


Pantano Oil Co. 
Pantano Oil Co. 


R. E, Harding 


Fohs Oil Co. 

Shell Petr. Co. 
Gravis & Doran 
Magnolia Petr. Co. 
Ike-Howeth 
Gillespie & Sons 
Bridwell Oil Co. 
Parr & Delaney. 
Texas Gulf Producing 
Hunter & Quinn 
Mosser et al. 


Gravis & Doran 


Initial Production |Choke or 
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Pressure, Lb. 


Remarks 


per Day Bean, per Sq. In, 
Dh) GRR | a 
= ey 30 f é 
uy aoe reetens Casing | Tubing 
Spray 10 yy 1,660 1,440 
45 340 1,550 1,050 
170 562 1,240 600 
10 246 3%{6 | Sealed 2,150 
300 36 100 0 
105 yy 740 575 
65 Pumpin 
20 ping 
198 542 1,175 865 
140 %4 620 400 
6.9 890 (rock- 
: pressure) 
42 (Jetting) 1 200 
Gas 
5 
35 Pumping 
435 3% | 700 225 
25 Pumping 
25 Open 
tubing 
120 Pumping 
145 : 1}4 61 365 
80 4.36 %a 2,260 2,075 
100 : Pumping 
119 ¥% 650 750 
25 5 % 
40 Gas \% 1,800 (working) 
208 Ho 1,475 800 
78 346 600 175 
140 542 1,450 850 
72 1 1,100 460 
22 4 YY 1,350 
35 Pumping 
90 Pumping 
96 Pumping 
Completing 
36 Gas 4 450 380 
84 4 425 330 
63 346 1,400 1,050 
76 0.15 562 1,450 1,100 
Spray 3 Ys 1,500 1,375 
80 Gas % 3,850 alta 
100 Gas As 2,700 (working) 
100 6 38 2,800 | 2,200 
15 Gas 1064 1,600 1,350 
32 1.3 364 3,600 (working) 
16 3 %4 ,450 1,400 
165 5.6 Ao 2,170 2,000 
272 346 1,250 835 
145 Gas y% 2,000 1,450 
196 \% 1,000 875 
70 342 1,300 850 
50 3 564 1,950 1,850 
30 3 14 1,900 1,850 
20 342 2,100 2,100 
150 yy 1,325 900 


Discovery Chiltipin field 

Discovery Muralla field 

Discovery Southland field 

Discovery Sejita field 

Discovery Tarancahuas field 

New 4000-ft. Jackson sand, 
Longhorn 

Discovery North Casa-Blanca 

New 3000-ft. Yegua sand, Seven 


Sisters 

New 5300-ft. Pettus sand, 
Southland 

SW. extension Fitzsimmons 

Ext. Govt. Wells sand, 2 miles 


SW. Hoffman 

Ext. Loma-Novia sand, 2 miles 
SW. Hoffman 

New 4800-ft. sand and Rault, 
Tesoro 


Ext. Rancho Solo 
Dees {Holland-Hebbronville 


Extension Colorado 
Extension South Calliham 
Discovery Seabury_field 


Discovery North Ricaby field 
Discovery North Rincon field 
Discovery South La Reforma field 
New 1400-ft. Frio sand, North 


Ricaby 
New 4650-ft. Frio sand, Sun 
New 4600-ft. Frio sand, Sun 
New 4100-ft. Frio sand, Sun 
New 4900-ft. Frio sand, Sun 
114 mile NW. ext., Sun 
SW. extension, Rincon 
Extension, Sun 
North ext., Rincon 


Dry deep test. 

Discovery Adami field 

Discovery Volpe field 

Extension West Cole 

Deep test Wilcox Zone 
Discovery South Mirando Valley 
East ext., South Mirando Valley 
Dry test 


New 6100-ft. Jackson sand, Kelsey 
Discovery Sullivan City field 


New 3900-ft. Frio sand, Sullivan 


Cit; 
New 8000-ft. Frio sand, La Blanca 
New.7400-ft.|Frio sand, La Blanca 


Production from 7400-ft. Vicks- 
burg sand, McAllen ‘ 
East extension, Sullivan City 
Discovery Blucher field 
Discovery Clark Muil field 
Discovery La Gloria field 
Discovery West Alfred field 
Discovery Magnolia City field 
Discovery Ben Bolt field 
Discovery Camada field 
Discovery Reynolds field 
Discovery Wade City field 
New 5300-ft, Vicksburg sand, 
Ben Bolt 
New 5300-ft. Frio sand, Clark- 
Muil 
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Tarancahuas Field.—This field was opened on Dec. 19 by Cox and 
Hamon and Gorman’s Hoffman No. 1, sec. 119, two miles east of Hoff- 
man field, when it produced 300 bbl. of 21.3° gravity crude daily through 
3¢-in. choke, under no tubing and 100 lb. casing pressure. Flow was 
from a Frio sand, unusual for this immediate area, through perforations 


TABLE 2.—(Continued) 


Important Wildcats Drilled in 1939 


Total Deepest 
County Well Name and Location Depth, a Horizon 
Ft. Tested 
57 }.dira, Wells: #0 a weemteete Mosser 4A, Reynolds 5,220 | Lissie Vicksburg 
BS i Jum Welisteperccusunmomere Fee 2F, Reynolds 5,172 | Lissie Vicksburg 
59] | Jum Welle... aacmitestaesc atten Dunlap No. 1, East Premont 6,766 | Lissie Vicksburg 
60" | dim Wells 4. creates cer. D. O. Maun No, 1, La Gloria 7,233 | Lissie Vicksburg 
63: | Jims Welle ceneycny-: comeieeten Stoltze No. 1, La Gloria 7,347 | Lissie Vicksburg 
62: {Tim Welle titer ane acs MeNeil No. 1, Wade City area 5,410 | Lissie Vicksburg 
BS, | Pima. W CUB nce). Ae re are ree Perales No. 2, Ben Bolt 5,470 | Lissie Vicksburg 
64 | Tina Welles Mesiesan acces A. P. Garcia No. 1, M. Barrerra survey 6,862 | Lissie Yegua 
65> | Sim: Wellev-cr rec cern Reynolds & Richardson No. 1, Mag. City 5,714 | Lissie Frio 
66 | Kleburg...................| State No. 1, blk. 155, Bird Island, Laguna ; 
Madre 7,320 | Submerged Frio 
CYA RS DCS, bream aocbted mrrniss La Prelle No. 1, Roberts & White subd. 7,440 | Beaumont Frio 
68 | Nueces....................{ Minnie Bock No. 1, sec. 55, Herrerra grant 4,051 | Beaumont Catahoula 
69 | Nueces....................] Potter No. 1, Blk. 10, Paul’s subd. 7,089 | Beaumont Frio 
70 | Nueces....................| Minnie Brown No. 1, Agua Dulce 13,728 | Beaumont Yegua 
71 | Nueces sete cae conic ee King No. 14, Richard King 5,419 | Beaumont Frio 
We NANUBCESS cic isaists, siokinclt mere King No. 16, Richard King 6,143 | Beaumont Vicksburg 
78. (Nueces inane ts eect eile King No. 2B, Richard King 5,419 | Beaumont Frio 
GA WNUBCOR . eomcaciea et cranitte a Richardson No. 1, So. Clara Driscoll 7,560 | Beaumont Vicksburg 
5: NOES, cic nacteeord etches Clara Driscoll No. 1B, Clara Driscoll field 8,194 | Beaumont Vicksburg 
TBH NUBCCS rear aktasren aarneateat Martin No. 1, So. Clara Driscoll 6,701 | Beaumont Frio 
77. INURCOR sac larce cle sderafercloates W. H. Wallace No. 1, Agua Dulce 7,250 | Beaumont Frio 
Te NURCOS cis terran aeons Ingram No, 3, Agua Dulce 7,398 | Beaumont Vicksburg 
CO TINUCOCK ten sivas sisiaccomn salen nie’ J. J. Elliff No. 2, No. Agua Dulce 5,185 | Beaumont Frio 
80 Nupcet Wass saree aemsleatoman La Prelle No. 4A, North Luby 5,085 | Beaumont Frio 
SL NUNMBORE, weve nasetiin.cesnane Richard King 4A, Richard King 5,381 | Beaumont Frio 
SOA Nuevo heen Thompson & Bland No. 1, Riverside 5,280 | Beaumont Frio 
BOT INGGCOR Sis va dvinien'e's s eateeete Harper No. 1, No. Agua Dulce 5,762 | Beaumont Frio 
84) NUCGEB acy csor.s nticexta caer E. C. Wilson No. 2, Riverside area 5,037 | Beaumont Frio 
85 | San Patricio............... Pearson No. 1, blk. 29, Paul’s subd. 6,348 | Beaumont Jackson 
86 | San Patricio............... M. C, Smith No. 1, Juan-Hart survey 7,295 | Beaumont Frio 
87 | San Patricio Blumberg No. 1, East Mathis 6,015 | Beaumont Jackson 
88 | San Patricio............... Brooks No. 3, East White Point 8,383 | Beaumont Vicksburg 
80: |' Sam Patiioios ss, oisciesurvaaa Baldwin No. 5A, East White Point 5,737 | Beaumont Frio 
90 | San Patricio............... Dunn No. 1, White Point 5,676 | Beaumont Frio 
O17) San Patriciosccemccweunaee A. A. Galler No, 1, East Plymouth 6,036 | Beaumont Frio 
92 | San Patricio............... Welder No. 6, Angelita 7,042 | Beaumont Frio 
93 | San Patricio............... Morgan & Meginnis No. 1, McCampbell 7,141 | Alluvium Frio 
94 | San Patricio.............5. Rachal No, 21, East White Point 5,683 | Beaumont Frio 
95 | San Patricio. .....<........ L. Phillips No. 1, East White Point 6,007 | Beaumont Frio 


96 1'San Patricio...) oeleev ack Sherwood No. 1, McCampbell area 9,074 | Alluvium Frio 
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TABLE 2.—~(Continued) 


Important Wildcats Drilled in 1939 


| Initial Production |Choke or) Pressure, Lb. = Z 
per Day see per Sa. In. 
Drilled by OME GastsLcee eh en R 
U.S. | Millions | tions of | Casing | Tubing aoe 
g Bbl. | Cu. Ft. | 22 Inch 
57 | Graham & Mosser 75 362 500 2,750 | New 4800-ft. Frio sand, Reynold 
58 | Rand Morgan 130 v3 2,050 1,475 | New 5100-ft. Vicksburg cheery 
: Reynolds 
59 | Transwestern Oil Co. 65 Gas % 1,100 1,600 New 5400-ft. Frio sand, East 
: Premont 
60 | Magnolia Petr. Co. 54 (heading) Open New 7200-ft. Vicksburg sand, 
‘ tubing La Gloria 
61 | Magnolia Petr. Co. 50 10 46 3,000 3,150 | New 7000-ft. Frio sand, La Gloria 
62 | Rowe & De Lange 10 2 1g 1,900 (working) | New 4700-ft. Frio sand & ext. 
Wade City 
63 | Mosser et al. 70 340 725 200 ae eae Vicksburg sand, 
lt 
64 | Texas Gulf Producing Dey dea test 
65 | Meyer & Simon 259 2 1,050 750 er 5700-ft. Frio sand, Magnolia 
. ity 
66 | Pure Oil Co. 68 1164 2,500 2,325 | Oil production Bird Island 
67 | Seaboard Oil Co. 173 lg 1,575 1,275 | Discovery North Luby field 
68 | Texas Conservative 121 % 1,600 1,240 | Discovery Minnie Bock field 
69 | Shield Oil Co. 75 564 650 950 | Discovery Robston field 
70 | Union Producing Co. 15 Deepest well South Texas 
71 | Southern Minerals Co. 671 14 2,075 1,250 a 5400-ft. Frio sand, Richard 
: ng 
72 | Southern Minerals Co. 38 \y 1,425 550 |New 6100-ft. Vicksburg sand, 
; Richard King 
73 | Southern Minerals Co. 157 542 1,150 650 | New 5200-ft. Frio sand, Richard 
. . King 
74 | Wellington Oil Co. 151 Zs 475 200 | New ei Frio sand, Clara 
Driscol 
75 | Wellington Oil Co, 113 (Pumping) New 5300-ft. Frio sand and ext. 
; ‘ Clara Driscoll 
76 | Wellington Oil Co. 750 New 5200-ft. Frio sand and ext. 
: ‘ So. Clara Driscoll 
77 | Union Producing Co. 100 10 Y 2,700 2,650 New 6600-ft. Frio sand, Agua 
Ice 
78 | Process Oil Co. 100 25 Nes 6900-ft. Frio sand, Agua 
ulce 
79 | Union Producing Co. 100 10 New 5000-ft. Frio sand, No. 
, Agua Dulce 
80 | Seaboard Oil Co. 155 1% 450 450 ies 5000-ft. Het. sand, North 
uby 
81 | Southern Minerals Co. 250 346 1,000 600 | North ext. Richard King 
82 | Stanolind O. & G. Co. 30 20 4% 1,725 2,025 | Southeast ext. Riverside 
83 | Union Producing Co. 106 (Jetting) New 5500-ft. Frio sand, No. 
Agua Dulce 
84 | Seaboard Oil Co. 88 1g 1,600 1,175 | Oil production and West ext. 
Riverside ‘ 
85 | Seaboard Oil Co. 54 % 700 325 | Discovery East Mathis field 
86 | Seaboard Oil Co. 45.6 Gas Ho 2,650 (working) | Discovery Odem field 
87 | Seaboard Oil Co. 4.5 38 1,600 1,450 ed ieee Frio sand, East 
Z athis 
: 88 | Plymouth Oil Co. 5 a) 550 500 |New 4000-ft. Catahoula sand, 
¥ East White Point 
89 | Houston Oil Co. 10 \% 550 500 | New 2500-ft. Miocene sand, Hast 
White Point ; 
90 | Easterwood & Cage 154 V4 650 500 nee 5600-ft. Frio sand, White 
‘oint 
91 | Republic Nat. Gas 10 1g 1,850 1,800 | New 5100-ft. Frio sand, Hast 
; Plymouth j : 
: 92 | Wellington Oil Co. 32 (Pumping) New 6200-ft. Frio sand, Angelita 
a 93 | R. B. Byrant 535 346 750 600 | Extension McCampbell 
94 | Republic Nat. Gas 102 Ext. East White Point _ 
; 95 | Republic Nat. Gas 20 Vy 1,650 1,450 | NE. ext. Hast White Point 
24 96 | Richardson Petr. Co. Dry deep test 
i 
7 In Proven Fields | Rank Wildcats 
r 
+ Number of oil wells completed during 1939..........---+++--+seeseeees 1215* 29* 
5 Number of gas wells completed during 1939..........+--+00+s-++e0000: 50 0 


Number of dry holes completed during 1980. crete chico cies veriacanre 


. * Including wells producing distillate and gas. 
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from 2014 to 2035 ft. The well had drilled to 3309 ft. and tested all the 
usual Mirando sand zones. 


New Sands in Existing Fields, Duval County 

Longhorn Field, Second Sand.—Longhorn Drilling Company’s Miller 
No. 2A was completed Feb. 15 in a Jackson (Cole) sand from 4033 to 
4038 ft. for a flow of 105 bbl. of 44° gravity oil, through ¢-in. choke 
under 575 Ib. tubing pressure and 740 Ib. casing pressure. Several wells 
cored this sand but Miller No. 2A was the first to produce from it. 

Tesoro Field, Second Sand.—A fault of about 300 ft. displacement was 
considered proved by the completion of Magnolia Petroleum Company’s 
Spence No. 2 as a gasser from perforations at 4840 to 4848 ft. in Pettus 
sand. The offset well had found this sand at approximately 5100 feet. 

Seven Sisters Field, Sixth Sand.—Wellington Oil Company’s Welder 
No. 2G, on the western side of the Seven Sisters structure, produced 
10,000,000 cu. ft. of gas daily from perforations at 3055 to 3063 ft. in a 
Yegua sand at 3037 to 307014 feet. 


Important Extensions to Established Areas, Duval County 

Hoffman Field—The Hoffman field was extended 2 miles southwest 
by Magnolia Petroleum Company’s A. Weil No. 1, sec. 113, which flowed 
6,900,000 cu. ft. of gas with 890 lb. rock pressure from perforations at 
2651 to 2661 ft. in Government Wells sand at 2644 to 2661 ft. The 
Company’s Weil No. 2, 1467 ft. northeast of No. 1, was completed in 
Loma Novia sand at 2806 to 2836 ft. and jetted 42 bbl. of oil daily 
through 14-in. choke with 200 lb. pressure on casing. Both wells were 
completed in November. 


Jim Hoee County, LArepo District 


Holland-Hebbronville Field—-The Holland-Hebbronville field was 
brought in on Nov. 15 by Mayfair Oil Company’s Isabel Guiterrez No. 1, 
El Peyote grant, from Loma Novia sand at 3217 to 3223 ft. On com- 
pletion the well pumped 35 bbl. of 32.3° gravity oil daily. 


Important Extensions to Established Areas, Jim Hogg County 


Colorado Field——Humble Oil and Refining Company’s King Ranch 
Colorado No. 1, sec. 42, was completed as a one-mile north extension 
to the Colorado field when it flowed 435 bbl. of 42.6° gravity oil per day 
from Cockfield sand at 3032 to 3041 ft.; production was through 3¢-in. 
choke with 225 lb. tubing pressure and 700 Ib. casing pressure. 


McMvt.en County, Larepo District 
Important Extensions to Established Areas, McMullen County 


South Calliham Field.—Edwin M. Jones’ Ezzell No. 96, sec. 4, pro- 
duced 25 bbl. of oil daily on pump from perforations at 1056 to 1060 ft. 
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TABLE 3.—Deep Wells Drilled during 1939 


485 


County Location Company and Well oh oss ae Results 
LarEepDo District, WELLS DRILLED To 6000 Frrer AND BrLow 
Duvall. es. cen Wildcat, Conception grant| Glassock-Garcia No. 1 6,517| Yegua Dry 
DUVALL. « cternctets Wildcat, San Andres grant) Howell & Cunningham 6,542) Yegua Dry 
Parr No. 1 
Drv aliicas sees Wildcat, survey 14 Cunningham-Lopez No. 1| 6,505) Yegua Dry 
Duy alec ccs Sejita Standard of Texas Casey 6,747| Yegua Oil and gas 
No. 1 
Duvalkivics. < Wildcat, Benavides area | Parr Drilling Co. Vil- 6,015) Yegua Dry 
lareal No. 1 
Duyal<<.<.... Sweden Gravis & Doran-Parr 6,281] Yegua Dry 
No. 1 
Duval. c.ca ss San Diego area, wildcat | Cullen & Mayo Hoffman 6,135) Yegua Dry 
No. 1 
PUVA eiiets.coc Wildcat, 4 mi. south Luling Oil Co, Dimmitt 6,012) Yegua Dry 
Realitos No. 1 
Duval. siise%o-- Wildcat, 6 mi. NW. Con-| Magnolia Petroleum Co.| 6,135) Yegua Dry 
ception Denman No, 1 
ping es ontan Wildeat, sec. 378 Texas Gulf Prod: Co. 6,022) Yegua Dry 
Dunn No. 1 
DOUVAl pies cea Wildcat, San Andres grant| J. Gravis Parr No. 1 6,143) Yegua Dry 
Muvalo, cee c.ci- Wildcat, R. Fletcher sur- | J. Gravis Vaello No. 1 6,023] Yegua Dry 
vey 
Duvalisas ess Wildcat, survey 544 Rowan & Hope Lopez 6,516) Yegua Dry 
No. 1 
(Diva fcisreacs%e Benavides Hiawatha Oil Co. Parr 6,206) Yegua Dry 
No. 27 
VU Val ctevers'eig018 Longhorn Hiawatha Oil Co. Den- 6,011] Yegua Dry 
ham No. 5 
Jim Hogg....| Wildcat, 12 miles south | Humble Oil & Ref. Co. 7,01 | Mt. Sel- | Dry 
Hebbronville Mestena No. 1 man 
Jim Hogg..... Wildcat, Palo Blanco Humble Oil & Ref. Co. 6,495| Mt. Sel- Dry 
grant Mestena No. 2 man 
Mtarbae ict sys Barbacoas area Magnolia Petroleum Co. | 6,567) Yegua Dry 
Garcia No. 1 
Shc okeaanes South La Reforma Magnolia Petroleum Co. 6,566] Vicksburg | Oil and gas 
Guerra No. 2 
Btarrs since + Santo Domingo area Argo Oil Corp., Bennett &| 6,005) Yegua Dry 
Roos No. 1 
Webbie... Cole-Bruni Tide Water Assoc. Oil Co.| 8,959} Wilcox Wilcox 
A.M. Bruni No. 7 Show. 
Plug back 
Sout Corpus Curistr Disrrict, WELLS DRILLED TO 7500 Frnt anp BELOW 
Brooks......- Wildcat, Gyp-Hill area Southern Minerals Proc-| 7,726] Vicksburg | Dry 
ter No. 1 
Cameron..... Wildcat, San Martin Sal-Vieja Oil Corp. New-| 7,585] Frio Dry 
grant berry No. 1 
Cameron..... Wildcat, San Martin Sal-Vieja Oil Corp. New-| 8,445} Frio Dry 
grant berry No. 2 
Cameron..... Wildcat, San Martin Sal-Vieja & Pure Oil Co.| 8,168 Frio Dry 
grant Newberry No. 3 
Hidalgo...... La Blanca Pantano Oil Co. Harding} 8,074| Frio Gas and 
No. 1 distillate 
PIAS Ole cic! Wildcat Shary-Maddox. NealNo.1} 7,506) Frio Dry 
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in the Government Wells sand, to extend the South Calliham field 
34 mile southwest. 


Starr County, LarepO DISTRICT 


North Ricaby Field—H. C. Bishop’s and J. O. Moss et al.’s S. B. 
Ricaby No. 1, 3325 ft. north of Ricaby field, was completed on May 22 


TABLE 3.—(Continued) 


County 


Location 


Company and Well 


Depth, 
Ft. 


Last 


Formation 


Results 


Sourn Corpus Curist1 District, WELLS DRILLED To 7500 FEET aND BELOW 


Jim Wells..... 


Jim Wells..... 


Nueces....... 
ACL Bone iad 


Nueces....... 
Nueces....... 


San Patricio... 
San Patricio.. 
San Patricio.. 
WillacVarecsss 


Willacy 


Wildcat, San Ramon 
grant 

Wildcat, Mestenas grant 

Blucher 


La Gloria 


Premont townsite (1 mi. 


W.) 


.| Blucher 


Wildcat, 13.8 mi. SE. 
Rivery Beach 

Wildcat, Pensacola grant 

Wildcat, Salinas survey 


Bird Island 
Agua Dulce 


Saxet 
Saxet 


Wildcat, sec. 1 
Wildcat, sec. 175 


Wildcat, SE. Corpus 
Christi 

Riverside 

South Clara Driscoll 


Wildcat, sec. 30 
Wildcat 


Clara Driscoll 

Saxet 

McCampbell 

East White Point 
McCampbell 
Wildcat, San Juan de 


Carricitos grant 
La Sal Vieja 


Rowan & Hope Bazan 
No. 1 

Pan-American Vina No. 1 

Shell Von Blucher No. 1 


Magnolia Petroleum Co. 
Sam Maun No. 1 

Premont Oil Co, Hewitt 
No. 1 

Shell Von Blucher No. 2 

Humble Oil & Ref. Co. 
Kenedy Ranch No. 1 

Humble Oil & Ref. Co. 
Kenedy Ranch No. 2 

Humble Oil & Ref. Co. 
Kenedy Ranch No. 3 

Pure Oil Co. State No. 1 

Union Prod. Co. Minnie 
Brown No. 1 

Richardson Petr. Co. 
Harrell No. 3 

Hiawatha Oil Co. Smith 
No. 6B 

Graham Taylor No, 1 

Renwar & Fox Knight 
No. 1 

Mills Bennett Poenisch 
No. 1 

Shell Griffin No. 1 

Wellington Oil Co. 
Richardson No. 1 


| O. W. Killam Smith No. 1 


Renwar Oil Co. Esch- 
berger No. 1 

Wellington Oil Co. Dris- 
coll 1B 

Hiawatha Oil Co, 
Griffith No. 4 

Richardson Petr. Co. 
Sherwood No. 1 

Plymouth Oil Co. Brooks 
No. 3 

Bay-Tex-Oil Co. Lish 
Cralle No. 1 

Midwest Oil Co. Dayton 
No. 1 

Andrade Yturria No. 1 


7,508 


8,123 
7,845 


7,545 
7,507 


8,004 
7,920 


7,818 
7,706 


8,403 
13,728 


10,042 
9,880 


7,522 
7,508 


7,508 


7,510 
7,560 


7,612 
7,510 


8,194 
7,741 
9,074 
8,383 
7,650 


9,005 


7,714 


Frio 


Frio 
Vicksburg 


Vicksburg 
Jackson 


Vicksburg 
Frio 


Frio 
Frio 


Frio 
Yegua 


Vicksburg 
Vicksburg 


Vicksburg 
Vicksburg 


Frio 


Vicksburg 
Vicksburg 


Vicksburg 
Vicksburg 


Vicksburg 
Frio 
Frio 
Vicksburg 
Frio 
Frio 


Frio 


Dry 


Dry 

Gas and 
distillate 

Gas and 
distillate 

Dry 


Dry 
Dry 


TaBLE 4.—Total Number of Wells Drilled in South Texas Fields 
during 1939 


——Tiaaupo Disrmor «Od Sours Conpus Cunien Dierarcr 
Larepo District ____Sourn Corpus Curisti District 
: Dis- 2 Dis- i 
Field tillate | Gas | Dry Field tillate | Gas | Dry 
or Oil or Oil 
D Brooks Count} 
: wear Coane Alta Mesa...... 
NSOMAVAGES cetce © cle ereieve. sini eies 21 1 BTIMoley ME aye sana ho : ® 2 
Casa Blane. cc one «1 » 9 0 4 Tee) Toe a8 e = 
North Casa Blanca......... 9 0 3 IES Ca Dean sea 38 0 6 
edie PA Ate ccesckeyn ors it) | 1 Hidalgo Count, 
Sailor MESS a ees Tees | 46 1 0 Seta tee eivere he clades eatin 1 0 0 
Saeadlassiens are, sv ebals eer 0 0 1 |Sam Fordyce............... 
once, oe Oem Urn eae 13 0 Qupoullivam City seer. sce «ere a 1 3 
El aa ee cede ieee: 4 4 4 otal vaste ecatele ast ak 23 fale 
MULORSUMAINONS:teciesce se. ee oe 07 38 0 2 Jim Wells County 
poets iWiellamactenes are 1 3 Thaleneer Lies. Aden Sabon oda. 4 0 3 
SSRI Tele oe Che anne 64 5 8 RRIF ae Som decree 15 
— a arises peat 30 ) 1 1 |East Alice (Tom-Graham) 38 1 3 
eo mone Ly eae ae eras 0 0 3 parecer Wairetle iherarst eke ssteeys. isis 0 0 B) 
MEVASTH ee me ce | Osu 1M" sh Bandera.) sreiie.crer< « ‘ 
Longhorn es ‘ ' Poe EN ae Se 93 4 : 
Lundell... 20 3 ay Mibrahet? fern awsome. 1 7 
eae Si aor i ot tr A pain a ese | aes liar amet 
Palangana r 0 0 PlClar k= Miutlee 5 sori cla ac 5 2 1 
A ee a caod en cae 1 0 0) a Gloriae.. 2.6. ice 4 0 0 
- Piedre Lumbre............. 52 0 1 |Magnolia City..... SS aed © 0 
vp Piedras Pintasscses ss «+ <a 4 0 sha Pretncihy ey oon ass okie © 1 0 ‘ 
AD CHO SOLO eters g.aehe arent wes 15 2 g |EHast Premont..... iO 5 3 0 , 
TEs Cao ee eee 1 0 G [Reynolds hia bts base ete 29 0 9 
Seven Sisters. ayarsscis ieee 4 2 oul Wade City ehente ton acuee 2 0 0 
(Sand 8 ro ls aes ee Glace cigs 4 SOG 4 0 Seana Reet rere wane 
Mwedenwens sachin coe: ees 0 0 il Dob Oleh ids tat Se aren Se nee 2 31 
aranGalhuasic sss saieeie osu e.s 1 0 0 Kleburg County 
KPOSOLO MN RISC closes lane 3 1 9 |Bird Island............+..- 1 0 1 
Motalpriacdast ler wieloetave 328 23 54 Potala st aner ekki eteuels tee 1 0 
- Jim Hogg County < Nueces County 
Duléesteancece see 23 
Golorado mere oe eee 15 0 at es. > . 
epee eel Ned cst 1 0 5 neo Ee mak milops sit ar oe ; : 
elsey.....---e sere errr eee 11 0 1 |South Clara Driscoll... +... 10 
RandadOnia. ceric ems ss10 0 0 ON Gabi een eee ee 3 5 
TPOtal ce gen afar - = Sane 27 0 BH WLondon......2 2-5 ccs sens ” 0 1 
MalCNCctiiny Me EL Ek re es ee eae 5 0 0 
2 INorth uby-s ccc: sits els) + ele 2 
pone Parnes Ba avaieions © 5 0 (i IN EA etid ey gn oo adencoua 23 , ms 
SO age a settee ees 0 0 3 |Richard-King.........-..-- 18 ¥) 2 
ee er ieraistene sl ese Ate isnarevaresnisse 47 0 i) isan ce aeacasone no oes 3 0 6 
Rei 4 piehenareastiecenoresmiee le \se8 [is 5 4 2 any Ft ts < eho ces 1 0 0 
GOTO OR 0) Cara ete E G Pos ih Pp coktcalon Otic Haecrcmtond 31 
San Jose........ Wpticn een 0 0 Sa Strathoun eer ee eee 2 3 é 
Afventisl layers ievelevsrsa Sts Cee 60 0 29 |I'Turkey Creek:...........-- 6 1 2 
Rigen County Totals noes wera 199 | 12 | 387 
Barbacoas ooo aby) Ue abl repears Se aris Se >) 
is t i Glitae ee eels 1h sets 
EiFangue (Gouih Hicaby)..:| 9/9) 8 lAranaae Baas (MeCampbelis) 11g | 9/3 
ee Seo ndas Se agoc 1 0 0 pet Nate SCAG ATRIA OIRO ; : . 
OBIOUMNOS i. cc eee wees es 0 0 i ly | seedeagecaee abo CI Aas Nici ee tal 
UGA cook Meee eee 6 0 3 Plymouth...........+++e+.- 15 0 0 
Titec a etyete cies !eiele\eha'ss \s pveis-9 3 0 g |East Plymouth 0 1 1 
North Rincon..... 1 0 1 |Taft...-.-.--- 0 0 1 
Santo Domingo 0 0 1 White Pomt..:.- 2 0 1 
coats RI tas 1 0 1 |Hast White Point 128 3 5 
SPN oe ges CR 15 0 3 “iat Wade &., sono Soap rn eee 264 4 13 
Young (Chareo-Blanco) 0 0 1 | Grand total, South Corpus 
: otal saison prattaiotone esis 33 0 25 Christi District......... 654 24 95 
2 Webb Grand total for South Texas} 
Be at eee Gein 1930 ie ete 1,242 | 50 | 252 
sh 100) ieee 
Z Carolina-Texas. 0 1 1 LAREDO pistaie (CONTINUED) 
4 Cole O’Hern.... 1 0 0 apata County 
a Cole West.... 5 0 3 |ICharco Redondo.........--- 1 0 1 
: allgnnacieshawioisieieie +s ise 9 0 1 |Comitas.........- Spo ao 15 0 i 
ede Killam......+++- 5 0 6 |Hscobas......6.+escseeeees 14 0 4 
_  -—- Laurel......- Dio ac 0 0 1 yopuuige dl Bho ne IRE B EP 8 0 1 
; Meio City’: Goatec citelous 0 0 1 |Lopena........ <0. 5. er os 0 0 2 
E Oilton..... otvecno Mentnoles 0 0 1 Arado Valley......- eae tert 56 2 9 
A BO DEuls etticiere seserersre eleiaveis > 12 0 6 RRA 95. Serca cone p 89 2 24 
: Totalacecevee + weseeeees 51 1 20 Grand total, Teva Dis 
Laredo District continued at foot of next column. Aid O besea ak ee sncueheeece alone 588 2657 
3 1 Includes South Calliham. 2 Also one dry hole in Live Oak County portion of Ezzell field. 
3 Includes North Ricaby. 4 Includes West Alfred. 


5 Also, 27 oil wells were completed in the Aransas County portion of the Aransas Pass field. 
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pumping 120 bbl. of 21° gravity oil from Frio sand at 1294 to 1308 ft. 
On Aug. 23, a second sand for this field was found by Howard Bass’ 
Lester No. 1, which pumped 100 bbl. of 21.5° gravity oil daily from Frio 
sand at 1432 to 1437 feet. 

North Rincon Field—The North Rincon field was discovered by 
Transwestern Oil Co. and Rowan and Hope’s W. I. Cameron No. 1, 
sec. 228, which was completed on May 23 in Vicksburg sand at 4154 to 
4173 ft., through perforations at 4160 to 4170 ft. The well flowed 
145 bbl. of 41.4° gravity oil daily through 11¢4-in. choke under 365 lb. 
tubing pressure and 610 lb. casing pressure. 

South LaReforma Field——Magnolia Petroleum Company’s Guerra Fee 
No. 2F, Farrias grant, about 314 miles southwest of LaReforma produc- 
tion, on Aug. 21 flowed 80 bbl. of 51.5° gravity distillate and 4,360,000 cu. 
ft. of gas through %4-in. choke with 2050 lb. pressure on tubing and 
2260 lb. on casing from perforations at 5810 to 5818 ft. in a Frio sand at 
5798 to 5832 ft. Total depth was 6566 feet. 

Seabury Field—This field, about 3 miles northwest of Rio Grande 
City, was opened on Dec. 8 by Clopton and Mitchell’s Seabury No. 1, 
Porcion 80, which produced 25 bbl. of 22.6° gravity oil per day from 
Frio sand through perforations at 1328 to 1333 feet. 


New Sands in Existing Fields, Starr County 


Sun Field.—A fourth sand in the Sun field was found on Jan. 11 
through the completion of Sun Oil Company’s McKinney No. 3, which 


TaBLE 5.—Rank Wildcats (Field Discoveries) Completed during 1939 


Larepo District Sours Corpus Curisti District 
County Oil dave Gas Dry Count: Oil ey Dry 
and Gas » | Holes ; 3? é eat tae oe Holes 
Prasad #.) th fi24 on 5]. 1 "| O61} Brookes. <i... Ty eG bal Wace rca 
Spenser gees Oe, sll al 0 0 | 12 ]Cameron........ 0 0 0 5 
MecMullen........ 0 0 ON So EUGAlirO aac | 0 0 3 
Sua ae eye tous 3 1 0 35 | Jim Wells....... 6 4 0.| 23 
Web Dimenkue st. e 2 0 0 | 34 | Kenedy.........| 0 0 0 3 
Zapata 1 0 Ala ObIMCle bir goers 0 0 0 3 
——— — INWOCGS.) 3. on eis 3 0 0 17 
Totale eaten o. 12 2 0 | 189 | San Patricio..... 1 if 0 10 
Average, 1 producer for every 1414 rank | Willacy......... 0 0 0 1 
wildeats. —— es | 
ELOUAL Meath 10 5 0| 68 
Average, 1 producer for every 54% rank 
wildeats. 


Granditotalisouth, Lakas:.......... «cide act. senna anne e | 22 | ia 0 | 257 
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flowed 119 bbl. of 46° gravity oil through é-in. choke under 750 lb. 
tubing pressure and 650 lb. casing pressure, from Frio sand at 4652 to 
4673 ft. Casing was perforated at 4660 to 4670 ft. Sun Oil Company’s 
McKinney No. 4 was completed on Feb. 21 from a fifth Frio sand at 
4610 to 4623 ft. The well flowed 5,000,000 cu. ft. of gas and 25 bbl. of 
distillate daily. On March 22, Sun Oil Company’s Olivarez No. 2 
flowed 40 bbl. of 52° gravity distillate and much gas daily through 
perforations at 4129 to 4135 ft. in a sixth Frio sand at 4111 to 4142 ft. 
Flow was through 14-in. choke under 1800 lb. working pressure on tubing. 
On April 12, the same company’s Speer No. 1 flowed 208 bbl. of 46° 
gravity oil from a seventh Frio sand at 4908 to 4972 ft.; flow was through 
34¢-in. choke under 800 Ib. tubing pressure and 1475 lb. casing 
pressure. 


Important Extensions to Established Areas, Starr County 


Sun Field.—Sun Oil Company’s I. V. Montalvo et al. No. 1 flowed 
78 bbl. oil daily from perforations at 4855 to 4868 in Frio sand to extend 
the Sun field 114 miles northwest. Production was through 3%¢-in. 
choke under 175 Ib. tubing pressure and 600 lb. casing pressure. Total 
depth was 5134 feet. 

Rincon Field.—The Rincon field was given two important extensions 
during the year. The first was by Davenport and Hoffer’s Dallas Joint 
Stock Land Bank No. 1, sec. 226, two miles north of the field; this well 
flowed 22 bbl. of 58° gravity dark distillate and an estimated 4,000,000 
cu. ft. of gas in 10 hr. through 14-in. choke under 1350 lb. tubing pressure 


TABLE 6.—Texas Railroad Commission Production Schedule for 1939 


Number of | Number of Number of | Number of 
Month Producing Month Producing Shut-in 
Days Days Days 
CSE SUENIA/ig) one ORCae 23 8 PANO USEE se are gets ene 12 19 
INS OU ots oceae 20 8 September......... 21 9 
IMarc line Wear ot ta sure 23 8 Octobersserers ee 20 11 
INDIA Epo eie oso lta eats 25 5 November......... 19 1 
INRA ete aloe came ene 25 6 December......... 19 12 
RULE CRrosenatare ne iees ters! 1s). 22 8 ———————— 
avave eietage tora aero » 8 ES cpieias Meee 252 


from perforations in a Vicksburg sand at 4284 to 4294 ft. The second 
extension, 18,500 ft. southwest of the field, was completed flowing 140 bbl. 
of oil through 549-in. choke with 850 lb. tubing pressure and 1450 lb. 
casing pressure from a Vicksburg sand at 4170 to 4190 ft. This may bea 
new producing level. This second well, W. R. Davis and Company’s 
T. B. Slick No. 1, sec. 528, was bottomed at 4320 feet. 
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Wess County, LAREDO DIsTRICT 


Adami Field——Gordon W. Johnson et al.’s Mabel Adami No. 1, in 
the northeast corner of the county, sec. 345, pumped 35 bbl. of 20.5° 
gravity crude in 24 hr. from Mirando sand at 992 to 999 ft. on May 15. 

Volpe Field—This field was brought in by Magnolia Petroleum 
Company’s Benavides No. 5B, sec. 695, 214 miles east of West Cole, on 
June 20, when it pumped 90 bbl. of 22.5° gravity oil from Mirando sand 
at 2458 to 2466 feet. 


Important Extensions to Established Areas, Webb County 


West Cole-—vV. G. Schimmel’s Benavides No. 1, sec. 693, between 
the two oil-producing sections of the West Cole field, pumped 96 bbl. 
of oil daily from Mirando sand at 2336 to 2350 feet. 


ZAPATA County, LAREDO DISTRICT 


South Mirando Valley Field——Interstate Minerals and Edgar B. 
Younger’s R. Lopez No. 1, sec. 113, discovered the South Mirando Valley 
field on April 15, when it produced gas along with about 35 bbl. of 21° 
gravity crude from Mirando sand at 1791 to 1798 ft. The company’s 
Lopez No. 4, which flowed 42 bbl. of 20.2° gravity crude in 12 hr. through 
54 ¢-in. choke under 330 lb. tubing pressure and 425 lb. casing pressure, 
was the first good oil producer in the field. It found the sand from 1802 
to 1810 feet. 


Brooks County, SoutH Corpus Curistr District 


New Sands in Existing Fields, Brooks County 


Kelsey Field.—Humble Oil and Refining Company’s McGill No. 5 
discovered a second sand for the Kelsey field on April 4, when it was 
completed in a Government Wells (Jackson) sand through perforations 
at 6099 to 6107 ft. The well flowed 63 bbl. of 42° gravity oil through 
34-in. choke under 1050 lb. tubing pressure and 1400 lb. casing pressure. — 
The Frio sand from 4655 to 4662 ft. showed gas. Total depth was 
6407 feet. 


Hipateo County, Sours Corpus Curisti District 


Sullivan City Field —On the downthrow side of the Sam Fordyce, and 
44 mile north of the field, Fohs Oil Company’s Sullivan No. 1, Porcion 39, 
was completed on March 20 as the first well productive on this side of the 
fault. This area has been given the name Sullivan City field, instead of 
being regarded as an extension to the Sam Fordyce field. The well 
produced 76 bbl. of 24.8° gravity oil along with gas daily through 549-in. 
choke, under pressures of 1100 lb. on tubing and 1450 lb. on casing; 
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perforations were made from 3428 to 3436 ft. in Frio sand found from 
3414 to 3437 ft. This well is 825 ft. northeast of Phillips Petroleum 
Company’s Flores No. 1, which last year drilled to 9708 ft. after cutting 
the fault between 4200 to 4300 ft. Flores No. 1 was plugged back and 
completed at 5840 to 5900 ft. in the Jackson, which it topped at 4375 ft., 
after finding practically no Vicksburg; this year it was further plugged 
back and completed in the Fohs Frio sand as the second oil producer in 
this area. It flowed 108 bbl. of 25.6° gravity oil daily through -in. 
choke, under 925 lb. tubing pressure. The fault separating the Sam 
Fordyce and Sullivan City fields trends in a northwest-southeast direction. 

John Messenger et al.’s V. Garza Chapa No. 1, 3000 ft. northeast of 
the Fohs well, opened a second Frio sand on May 4, when it flowed 
3,000,000 cu. ft. of gas daily through 116 4-in. choke under 1375 lb. tubing 
pressure and 1500 lb. casing pressure; perforations were made from 
397914 to 398114 ft. in sand found from 3936 to 3983 feet. 


New Sands in Existing Fields, Hidalgo County 


LaBlanca Field—A third sand was discovered in the LaBlanca field 
by Pantano Oil Company’s McDougall No. 1, which was recompleted on 
Feb. 21 for a flow of 100 bbl. of 48° gravity distillate along with consider- 
able gas from perforations at 7450 to 7480 ft., in Frio sand, through 
74 -in. choke, under 2700 lb. working pressure. Pantano Oil Company’s 
R. E. Harding No. 1 was brought in on Aug. 4, flowing 80 bbl. of 55° 
gravity distillate with much gas from a fourth Frio sand. Production 
was from perforations at 8035 to 8074 ft., through 3¢-in. choke, under 
3850 lb. tubing pressure. Residue gas from both these new sands is 
being returned to the 7800-ft. sand, which had been seriously depleted 
by a blowout well. 


Ju Wetts County, SoutH Corpus Curisti DisTrict 


Blucher Field.—The Blucher field was opened on Feb. 3 by Shell 
Petroleum Company’s Von Blucher No. 1, Best Survey. It produced 
32 bbl. of 54° gravity distillate and 1,300,000 cu. ft. of gas daily from 
perforations at 7555 to 7560 ft. in Vicksburg sand found at 7500 to 
7560 ft.; flow was through 3¢4-in. choke under 3600 lb. tubing pressure. 

Clark-Muil Field——Gravis and Doran discovered the Clark-Muil 
field on March 23, when Frances Clark No. 1, Los Prenos grant, about 
2 miles east of East Alice field, flowed 16 bbl. of 60° gravity distillate 
and much gas from perforations at 4795 to 4818 ft. in Frio sand from 
4795 to 4835 ft. Production was obtained through 32 to %,-in. chokes 
under pressures of 1400 lb. on tubing and 1450 lb. on casing. A Vicks- 
burg sand at 5326 to 5330 ft. was proven by Gravis and Doran’s Muil 
No. 1, one mile south of the No. 1 Frances Clark. It flowed 150 bbl. 
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of 42° gravity oil per day through )%-in. choke, under 900 lb. tubing 
pressure and 1325 lb. casing pressure. 

La Gloria Field——Magnolia Petroleum Company’s Sam Maun No. 1, 
La Blanca grant, flowed 165 bbl. of 60° gravity distillate with 5,646,000 
cu. ft. of gas on March 23 to discover the La Gloria field. The well was 
plugged back from total depth of 7545 ft. and completed from perforations 
at 6560 to 6570 ft., in Frio sand at 6533 to 6598 ft., through 5{¢-in. 
choke under 2000 Ib. tubing pressure and 2170 lb. casing pressure. In 
September, Magnolia Petroleum Company’s Dale O. Maun No. 1, a mile 
west of the discovery, headed 54 bbl. of 25° gravity crude oil daily through 
open tubing from perforations at 7219 to 7232 feet in a Vicksburg sand; 
this was the field’s first crude production. The same company’s E. H. 
Stoltze No. 1 flowed 50 bbl. of distillate along with much gas from a 
Frio sand at 6998 to 7011 ft., through perforations at 7000 to 7010 ft. 
Flow was under 3150 lb. tubing pressure and 3000 lb. casing 
pressure. 

West Alfred Field—Lewis Production Co. and Ike Howeth’s Adams 
No. 1, sec. 122, about 114 miles southwest of the Alfred field, flowed 
135 bbl. of 45.2° gravity oil on April 14 from 4661 to 4674 ft. in a Vicks- 
burg sand. Flow was through 3{¢-in. choke under 835 lb. tubing 
pressure and 1250 lb. casing pressure. 

Magnolia City Field —F. A. Gillespie and Son’s Shear No. 1, A. B. and 
M. Survey, about 714 miles southeast of Alice, flowed 145 bbl. of 43.8° 
gravity oil on April 30. Perforations were made from 5438 to 5445 ft. 
in a Frio sand from 5436 to 5446 ft. and production was through 1¥-in. 
choke under 1450 lb. tubing pressure and 2000 lb. casing pressure. Total 
depth was 6592 ft. A new sand was found in December by Meyer and 
Simon’s Reynolds and Richardson No. 1, which flowed 259 bbl. of 45° 
gravity oil from perforations at 5705 to 5709 ft. in a Frio sand from 5704 
to 5714 ft. through 7»-in. choke, under 750 lb. tubing pressure and 
1050 Ib. casing pressure. This well, 1600 feet northwest of the discovery, 
cored the discovery sand at 5437 to 5489 feet. 


Ben Bolt Field—On May 24, Bridwell Oil Company’s W. W. Smith 7 


No. 1, La Trinidad grant, 114 miles southwest of Ben Bolt, was com- 
pleted from perforations at 524214 to 524614 ft. in a Vicksburg sand at 
5231 to 5251 ft. The well flowed 196 bbl. of 41.5° gravity oil through 
¥g-in. choke under 875 lb. tubing pressure and 1000 lb. casing pressure. 
A new sand was discovered in August by H. J. Mosser’s E. Perales No. 1, 
which flowed gas from perforations at 5383 to 5386 ft. in Vicksburg 
sand from 5370 to 5390 ft. Shut-in pressure was 2100 lb. In October, 
Mosser’s Perales No. 2 flowed 70 bbl. of 42.5° gravity oil from perfora- 
tions at 5414 to 5418 ft. in a third Vicksburg sand from 5413 to 5333 ft. 
Flow was through 34 9-in. choke under 200 lb. tubing pressure and 725 Ib 
casing pressure. 


o ——————————EE 
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Camada Field.—Parr Drilling Company’s Mrs. W. K. Hoffman No. 1, 
sec. 8, in the Springfield townsite, flowed 70 bbl. of 46.4° gravity oil 
Fivodoie 345-in. choke under 850 lb. tubing pressure and 1300 lb. casing 
pressure, on May 28. Production was from perforations at 5628 to 
5633 ft. in a Hockleyensis sand from 5627 to 5637 feet. 

Reynolds Field—Texas Gulf Producing Company’s HK. E. Miller 
No. 1, Agua Dulce grant, 3 miles northeast of Alice, was completed on 
June 24 for a flow of 50 bbl. of 35.5° gravity oil with much gas. Casing 
was perforated from 5143 to 5149 ft. in a Frio sand found at 5101 to 
5155 ft., and flow was through 5€4-in. choke under 1850 lb. tubing 
pressure and 1950 lb. casing pressure. In August, Rand Morgan’s Fee 
No. 2F found a new Frio sand from 5111 to 5116 ft., where it was com- 
pleted for a flow of 130 bbl. of 41° gravity oil through }-in. choke under 
pressures of 1475 lb. on tubing and 2050 Ib. on casing. The discovery 
sand is about 40 ft. lower structurally. A third Frio sand was proved 
productive in August, through the completion of Tom Graham and 
Harry Mosser’s Mosser No. 4A, which flowed 75 bbl. of 31° gravity oil 
through 349-in. choke under 2750 lb. tubing pressure and 500 lb. casing 
pressure from perforations at 4817 to 4821 feet. 

Wade City Field—J. R. Hunter and W. R. Quinn’s M. and F. Pundt 
No. 1, Poitevent Survey, about 2 miles northwest of Orange Grove, 
flowed 30 bbl. of 47.7° gravity distillate and 3,000,000 cu. ft. of gas 
daily from perforations at 4809 to 4813 ft. in Frio sand. This well, 
completed July 12, flowed through 764-in. choke under 1850 lb. tubing 
pressure and 1900 lb. casing pressure. Another sand was found by 
Rowe and Delange’s McNeil No. 1, a mile southeast of the discovery, 
when it produced 10 bbl. of 54° gravity distillate and 2,000,000 cu. ft. of 
gas from Frio sand through perforations from 4788 to 4791 ft. in Novem- 
ber. Flow was through )-in. choke under 1900 lb. working pressure. 


Kuepure County, SoutH Corpus Curisti District 


Important Extensions to Established Areas, Kleburg County 


Bird Island Field—Pure Oil Company’s State of Texas No. 1, 
block 155, 3500 ft. northwest of the discovery well, was completed for a 
flow of 68 bbl. of 44° gravity oil daily from perforations at 7235 to 7247 ft. 
in the Frio sand, which produced distillate and gas in the discovery well. 
Flow was through 11¢4-in. choke under 2500 lb. casing pressure and 
2325 lb. tubing Soa 


Nvuscres County, SoutH Corpus Curisti District 


North Luby Field—Seaboard Oil Corporation’s John LaPrelle No. 14, 
block 9, Roberts and White Survey, nearly 2 miles north of Luby predate 
tion, drilled to 7440 ft. , plugged back and perforated from 4347 to 4354 ft. 
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in a Catahoula sand from 4347 to 4361 ft., and obtained a flow of 173 bbl. 
of 51° gravity oil through }-in. choke under 1275 lb. tubing pressure and 
1575 Ib. casing pressure on May 19. The same company’s LaPrelle 
No. 4A perforated casing at 5080 to 5084 ft. and flowed 155 bbl. of 48° 
gravity oil daily through 1é-in. choke under equalized pressures of 
450 lb. This sand, at 5073 to 5085 ft., is in the Heterostegina zone. 

Minnie Bock Field ——The Minnie Bock field was brought in on May 31 
by Texas Conservative Oil Company’s Minnie Bock No. 1, sec. 55, about 
514 miles southwest of Robston, when it flowed 121 bbl. of 23.6° gravity 
crude from perforations at 3806 to 3814 ft. in a Catahoula sand from 
3805 to 3835 ft.; production was through 1-in. choke under pressure of 
1240 Ib. on tubing and 1600 lb. on casing. 

Robston Field.—Shield Oil Company’s J. T. Potter No. 1, Herrera 
grant, 114 miles northwest of Robston, drilled to 7089 ft., plugged back 
and flowed 75 bbl. of 42.5° gravity oil from perforations at 5560 to 5566 ft. 
in Frio sand from 5548 to 5582 ft., on Sept. 6; 5¢4-in. choke was used, and 
pressures were 950 lb. on tubing and 650 Ib. on casing. 


New Sands in Existing Fields, Nueces County 


Richard King Field—Southern Minerals Corporation’s King No. 16 
flowed 38 bbl. of 38° gravity oil through 44-in. choke under pressures 
of 550 lb. tubing pressure and 1425 lb. casing pressure, from perforations 
at 613714 to 6141 ft. in a Vicksburg sand from 6133 to 6148 ft., a second 
producing zone for this field. ‘The company’s King No. 1A flowed 671 
bbl. of 39° gravity crude from perforations at 5399 to 5406 ft. from a third 
sand, in Frio, at 5391 to 541414 ft. through 4-in. choke under 1250 lb. 
tubing pressure and 2075 Ib. casing pressure. The same company’s 
King No. 2B produced 157 bbl. of 37° gravity crude through 549-in. 
choke from perforations at 5251 to 5258 ft. in a fourth sand, also in Frio. 
Pressures were 650 Ib. on tubing and 1150 lb. on casing. 

Clara Driscoll Field——A Frio sand from 5290 to 5302 ft. was proved 
productive by Wellington and Pan-American Oil Company’s Driscoll — 
No. 1B when it pumped 113 bbl. of 25° gravity crude per day. Total 
depth was 8194 feet. 

South Clara Driscoll Field—On Dec. 13 Wellington Oil Company’s 
Martin No. 1, a mile east of production, gauged 320 bbl. of 35° gravity oil 
daily from perforations at 5255 to 5263 ft. in a Frio sand. On April 5, 
the same company’s C. R. Richardson No. 1, in the south part of the field, 
flowed 151 bbl. of 37° gravity oil from perforations at 6557 to 6566 ft., 
also in a Frio sand. Choke was 4% in. and pressures were 200 Ib. on 
tubing and 475 lb. on casing. 

Agua Dulce Field——Two new producing levels were opened in the 
Agua Dulce field during the year. Union Producing Company’s Wallace 
No. 1 flowed 100 bbl. of distillate with gas daily through 14-in. choke 
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under 2650 lb. tubing pressure and 2700 lb. casing pressure from perfora- 
tions at 6615 to 6622 ft. in the Frio. 

Process Oil Company’s Ingram No. 3 gauged 100 bbl. of distillate and 
a large volume of gas from perforations at 6932 to 6938 ft. in the Frio. 

North Agua Dulce Field.—A second Frio sand from 5575 to 5593 ft. 
was proved productive in May by Union Producing Company’s Harper 
No. 1, which jetted 106 bbl. of 37.5° gravity oil per day. In December, 
Union Producing Company’s J. J. Eliff No. 2 flowed 100 bbl. of distillate 
and much gas daily from perforations in a third Frio sand from 5081 
to 5088 feet. 


Important Extensions to Established Areas, Nueces County 


Riverside Field—Seaboard Oil Company’s Wilson No. 2, 4650 ft. 
west of the cratered discovery well, produced 88 bbl. of 33.5° gravity 
crude daily from perforations at 4996 to 499914 ft. in Frio sand logged 
from 4972 to 499914 ft.; flow was through 1%-in. choke under 1175 lb. 
tubing pressure and 1600 Ib. casing pressure. This well established 
crude-oil production for this field, production heretofore having been 
gas and distillate. 


Union Producing Company’s Minnie Brown No. 1, Nueces County 


Deepest Test in South Texas.—Although Union Producing Company’s 
Minnie Brown No. 1, deepest test drilled in South Texas, was disappoint- 
ing as a producer, having been plugged back from 13,728 ft. to an upper 
sand level of the Agua Dulce field, Nueces County, and completed as a 
gasser, the well was of great importance geologically and because it 
penetrated successfully 5000 ft. of troublesome shale that had been an 
obstacle to deep exploration in this area. The well began operations on 
Jan. 28, 1938, and reached its total depth of 13,728 ft. on Dec. 30, 1938, 
after which plug-back operations began. Casing was set to 8007 ft.; 
below this level the hole was unprotected by pipe. This test, the first to 
penetrate the Cockfield along the South Texas Gulf Coast, failed to find a 
single sand body in the Jackson, Cockfield, or that part of the Yegua 
penetrated, indicating a shaling out of their sand sections toward the 
coast. Thicknesses of 2347 ft. for the Jackson, 1416 ft. for the Cockfield, 
and over 1728 ft. for the Yegua in this well compared with an average 
thickness of 1100 ft. for the Jackson, 300 ft. for the Cockfield and 600 to 
700 ft. for the Yegua along the Pettus trend, also indicating a rapid 
thickening of these formations toward the coast. This well, with an 
elevation of 105 ft., topped the Heterostegina at 3710 {t., the Frio at 
4240 ft., the Vicksburg at 7380 ft., the J ackson at 8237 ft., the Textularia 
Hockleyensis at 8822 ft., the Cockfield at 10,584 ft., and the Yegua at 


12,000 feet. 


‘ 
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San Patricio County, SourH Corpus Curist1 DIstTRIctT 


East Mathis Field.—The East Mathis field was brought in by Seaboard 
Oil Company’s A. Persons No. 1, block 29, Paul’s subdivision, 6 miles 
east of Mathis, on June 16, when it was completed for a flow of 54 bbl. 
of 35.5° gravity crude from perforations at 5260 to 5268 ft. in Frio sand 
from 5258 to 5270 ft.; pressures were 325 lb. on tubing and 700 lb. on 
casing. Total depth was 6348 feet. Seaboard Oil Company’s Blumberg 
No. 1, two miles northeast of the discovery well, extended the field and 
found a second Frio sand from 4417 to 4422 ft. from which it flowed 
4,500,000 cu. ft. of gas daily with a spray of 54° gravity distillate through 
3¢-in. choke under 1450 Ib. tubing pressure and 1600 lb. casing pressure. 
Total depth was 6015 feet. 

Odem Field—This field was opened on Oct. 27 by Seaboard Oil 
Company’s M. C. Smith No. 1, Hart and Son Survey, 2 miles west of 
Odem. The well was drilled to 7295 ft., casing was perforated from 6995 
to 7000 ft. in Frio sand, and a flow of 45 bbl. of 57° gravity clear distillate 
with 6,000,000 cu. ft. of gas, was obtained through 34¢-in. choke under 
2650 lb. working pressure. 


New Sands in Existing Fields, San Patricio County 


East White Point.—Plymouth Oil Company’s Brooks No. 3 produced 
5,000,000 cu. ft. of gas daily through 1¢-in. choke from a Catahoula sand 
at 4010 to 4015 ft., a second producing zone in this field. Total depth 
was 8383 ft., probably in the top of the Vicksburg. A Miocene sand at 
2495 to 2505 ft. produced gas in Houston Oil Company’s Baldwin No. 5A, 
Fulton survey, with total depth 5737 ft., suggesting a third producing 
zone for East White Point. 

White Point Field—Frio sand production was established in the 
White Point field by Easterwood and Cage’s Dunn No. 1, M. Flores 
survey, when it flowed 154 bbl. of 29.8° gravity crude from sand at 5672 to — 
5676 ft. Flow was through ¢-in. choke under pressures of 500 lb. on 
tubing and 650 lb. on casing. This is the third producing sand in the 
field. 

East Plymouth Field.—Republic Natural Gas and Byron Rife’s A. A. 
Galler No. 1, one mile southwest of the East Plymouth field, in sec. 26, 
perforated from 5111 to 5118 ft. in Frio sand logged at 5111 to 5136 ft., 
and flowed gas through }-in. choke under 1800 Ib. tubing pressure 
and 1850 lb. casing pressure, proving a second producing zone for 
East Plymouth. 

Angelita Field.—A second Frio sand from 6225 to 6235 ft. was proved 
productive in October by Wellington Oil Company’s J. F. Welder Heirs 
No. 6. The well pumped 32 bbl. of 36° gravity oil daily. 
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Development along Fault Zone of South Central Texas in 
1939 


By Wiuu1am _H. Spicer, Jr.,* MempBer A.I.M.E. 
(New York Meeting, February 1940) 


No development of major importance has been made in the south 
central fault-line district of Texas during 1939. Four new fields have 
been discovered, all of which appear to be of minor importance, with 
small wells in the Navarro sand, the Taylor marl or the Austin chalk. 
Drilling along the fault line has not developed any new prospects in the 
Edwards lime, the most prolific producing horizon of the district. At 
the close of the year, a few deep tests for lower producing horizons have 
been projected and should prove to be of interest, and plans are under 
way for further development of the Pearsall field, which has been under 
the control of a single company until recently. 

Production from the 46 producing fields was maintained at 8,460,000 
bbl. for the year, a decrease of approximately 400,000 bbl. under 1938. 
This decrease is due in part to natural decline of production and in part 
to decreased allowed production. Approximately 55 producing wells 
were completed on proven acreage in the Darst Creek and Salt Flat fields. 

No new lease plays were made during the year, although approxi- 
mately the same amount of land, 600,000 acres, remained under lease 
during the year. 

Some geophysical operations of various types were carried on along 
the fault-line area itself and also in the Edwards Plateau and in the area 
south and southeast of the main fault line. 


Summarized at meeting; manuscript received at the office of the Institute — 
May 8, 1940. 
* Consulting Geologist, San Antonio, Texas. 


498 


WILLIAM H. SPICE, JR. 499 


TaBLE 1.—Ozl and Gas Production in South Central Texas Fault Zone 


Area Proved, Total Oil Production, 
Acres Bbl. 
’ Year 
Field, County of Dis- 
covery 
a : To End of | During 
3 Oil | Gas? 1939 1939 
| 
qa 
o 
A 
a 
NEPAL OMVABLa TD GLGN acme tee ciantalele.-clsis/-is.0/o ls ciniciaiciercleleldletefticaisrsiaty we 1912 300 0 114,767 5,725 
: DUB ary or Calduch cme eee aers leis sicker! <tsimicisix/<taleielala veil el=ielaicie sin ec 1930 900 0 2,138,546 570,751 
BU UNGCULONW CLS A CULGWDEI ser ers sista cle xciei ci clrinve che/slavelete siecle alei#taisiare 1936 200 0 53,467 12,689 
4 | Buchanan, Caldwell............-.. Se POM te) 250 0 369,138 46,296 
5 | Byersville, Williamson............-. A .| 1933 360 0 497,646 30,997 
Glan ollerEastiaTmantce seit ce seis feresis aievecacge wake/arelee .| 1932 100 0 96,621 6,336 
TAME AT! OLGEK A GSINOD aysteictolc = <1= errs 5ieh aie ie bogasiete afet rove nissan s0 ..| 1932 100 0 258,719 22,105 
8 | Chapman, Williamson. ...... 0.0.0.2 snr ecesenceeetecener snes 1928 450 0 4,220,465 68,250 
Z Ouli@hicontbake,piledinay. crete sacian nictesnc'= <lelait sialaiviaiave leaves ee ete 1920 280 y 3706 9,664 
‘ TQ Chiriesman, Burlesonak caso cece cwitle sos eee vret e/a Salamon y= oe. 1938 10 0 15,725 4,725 
. Ila Dalles Caldwell 5. oni. mevietorte ts mate ee ioe eo cine steieia « wyalelele Dalene e = 1927 250 0 1,366,252 \ 91,466 
12)|Dale, West, Caldwell... 60. ceccc ews cen verre nice seeworwenes 1937 240 0 
AS Dales Norths Bastrop. ).\a setters ccevtelejere cle /alele chelele ete ei sie ojelsielnersr ciate 1932 320 0 33,356 
—- 14 | Darst Creek, Guadalupe. ..... 2-0-2020 00sec see ccc ceewereceees 1928 | 1,860 0 | 46,573,407 | 2,630,830 
: 15 | Darst Creek Extension, Guadalupe..........-2+6..0ee eee r eens 1935 200 0 334,409 41,216 
16 | Dunlap, Caldwell...........-0c esc c ccc e cece ence nese nnereees 1930 120 0 323,110 19,422 
17 | Dunlay, Medina. ...........0 0. cece erence cece eee eee renee 1938 30 0 1,988 55 
18 | Hekert, Becar.....2. 20-20 cece cette etc ete reer eseretetee 1927 850 0 847,359 40,121 
AGN Gis Ridge, Becans danwiece cc «lies ao nle vee nee sieticietein nals se eis/szeis 1912 80} 150 67,945 2,653 
20 | Hilbig, Bastrop. ....... 000. cece cere tere een ents nese neccees 1932 260 0 1,479,367 99,149 
PT | Ina, Meding. ......0.0cee vec eee eee ees tem ennenem ences: 1922 340 0 115,359 2,941 
DO Kimber) LIPAUts eee cic ctersths «= c.ccspels nein el eiele eleleinis ainielmmivie oo einen 1935 40 0 3,275 1,630 
PF Vial Combe vB eLOMI We sips = stelele<s\cislsiesafor« aleip el> <fe/elslele «ale o(araetois = siers 1939 40 10 1,985 774 
94 | Larremore, Caldwell......2-.-.c0ceeece eee e ene n etn eneeretcees 1927 80 0 307,098 15,387 
95 | Lone Oak, Berar... .. 22-200 :2 cece cece ce cence cee eset eecenees 1934 10 0 4,449 716 
26 | Lytton Springs, Caldwell.........-.0+ 222+ +c0e reser nese cnr ees 1925 | 1,360 0 8,384,104 102,461 
27 | Luling, Caldwell-Guadalupe........0-6 00. see eres cee een eee ees 1921 | 2,200 0 | 72,554,541 | 2,402,812 
98 | Manda, Travis......2.0.-.ecc cence cee e erent cert e ence eeeces 1935 40 0 22,471 933 
99 | Manford, Guadalupe.........06.. cece cence reece teen teen ees 1929 40 0 395,768 7,292 
30 | Minerva-Rockdale, Milam...........-++s0-0sesee reer ener sees 1921 | 4,250 0 3,524,850 69,450 
31 | Nash Creek, Guadalupe.......-.... ese ee cere rece een eee e ees 1936 10 0 46,183 3,751 
0 989,111 173,183 
0 2,169 2,169 
0 44,291 30,633 
0 | 39,709,907 | 1,598,815 
0 | 10,536,950 200,176 
0 275 4,800 
0 635,447 13,256 
0 34,411 1,369 
o 0 2,432,328 12,848 
: 0 200771 43 $00 
2 MET anngsan ap bReca Bt Coedcos or on steRanaD’ 1933 | 650 0 é i 
4 43 Mea bacon RNR Pec er eon earn aes qacaninaer 1928 | 120 0 898,741 14,348 
; 44 | Zoboroski, Guadalupe... ....+.s0cs0ccenreete ence ens ene een ees 1935 | 180) 10 189,038 24,469 
Gas ONLY 
45 | Adams, Meding.......+0.:ecceseereceecceeetren res Race 1926 0| 2,000 0 0 
46 | Chittim, Maverick..........-- PRSE OS We Groeinciie abe relare Sinister aipiciete > Stel 1929 100! 41,334 11,334 


» Footnotes to column heads and explanation of symbols are given on page 239. 
1 Gas and distillate. 
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Character 
: Pr. ; - Deepest Zone Tested 
of Oil oducing Formation to End of 1939 
Depth, 
Avg. Ft 
3B ake =e ae 
= 5 a 
8 aye Name Agee ra 3 g Name 
B8i<zeo!] i. Es = c AY 4 + ~s 
3) 5-8 /s8 S| 8 2 |g_| se | & 3m 
o| Seo lan gs 8 ~ a\sa\/Eu| s E=e} 
= re q S ~ a, 
3\52< ae é | & |ES|2"|8<| 3 Bi 
eset 0.3) Navarro sands ! CreU 8 15-20} 220} 250) 20 F | Trinity sand | 4,535 
2h-ae 0.8| Austinichalk, Edwards lime; CreU L 1,816) 2,275) F | Edwardslime | 2,450 
3) 32 0.8| Edwards lime CreL L Crev. | 2,210) 2,235} 15 F | Edwardslime| 2,420 
4| 36 0.2| Serpentine CreU iP 12 |1,750)2,075| y |Intn| Edwardslime} 2,483 
5| 37 0.2| Serpentine CreU P 20 850; 900! y |Intn| Edwardslime| 2,000 
6| 36 0 | Serpentine CreU P 12 | 2,300) 2,378) 78 |Intn| Edwardslime| 2,919 
T\> 35 0. 2| Serpentine CreU P| 15-20} 1,650)1,700) 50 | Intn | Edwardslime | 2,300 
8| 36 0.2] Serpentine CreU Mg 20 |1,750)1,915| 20 | Intn | Edwardslime | 3,226 
9| 21 0.1| Navarro sands CreU 8 15 260) 750) 20 D | Edwardslime| 1,725 
10| 34.5 | y | Edwards lime ; CreL L y |6,167/6,182) y F_ | Edwards lime} 6,340 
Mr 37 0.2] Dale lime, serpentine CreU LP 15 |1,915|2,250| 30 | Intn | Edwardslime| 2,661 
13| 37 0.2] Dale lime, serpentine CreU LP 15 
14| 36 0.8] Edwards lime CreL L 30 | 2,650) 2,700) 30 F | Travis Peak 5,509 
15| 33.6 | 0.5) Austin chalk CreU Cc 5-25 | 2,375| 2,450) 100 F | Edwardslime} 3,200 
16| 36 0.6| Austin chalk CreU C | Crev. | 2,375} 2,300) 15 F | Edwardslime | 2,420 
4 17) 21 y | Serpentine CreU P 542| 714| y | Intn} Austin chalk 851 
18| 34 0.3| Navarro sands CreU 8 16 620} 790) 10 F | Edwards lime| 1,590 
19| 22 0.4| Navarro sands CreU S | 15-20] 280) 760) 15 A | Travis Peak | 3,460 
20) 37 0.2) Serpentine CreU F 12 |2,450|2,575| 50 |Intn| Edwardslime| 3,250 
21) 19 0.7| Navarro sands CreU SH | 15 940| 960/ 10 | T | Edwardslime| 2,048 
22) 36.5 | y |Serpentine CreU iP y 660} 670| y |Intn] Edwardslime| 1,280 
23} 31 y _| Anacacho lime CreU L 1,150) 1,190 N | Austin chalk | 1,227 
24| 23 0.6] Edwards lime CreL L 30 | 1,285) 1,815) 35 F | Glen Rose 2,150 
25| 33.4 | y | Navarro-Taylor CreU 5 1,480} 1,620| 18 F | Edwardslime} 2,250 
26| 31.5 | 0.4| Serpentine CreU P 12 |1,535)1,820; 2x |Intn| Edwardslime| 2,050 
27) 27 0.9| Edwards lime CreL L 25 | 2,100) 2,200) 50 F | Schist 7,859 
28| 34 0.4! Serpentine CreU P |15-25| 720) 75 z |Intn| Taylor marl 850 
29) 37 0.9| Austin chalk CreU Cc 35 | 2,260} 2,310} 30 F | Edwardslime| 2,800 
30| 38 0.2| Navarro sands CreU SH | 16 600] 1,700} 15 | T | Edwardslime | 5,000 
31] 27 0.8} Taylor marl CreU L y | 2,570) 2,585) 30 F | Edwardslime| 3,342 
avarro sands CreU i) 20 ; 15 ; 
32 28 0.4| < Austin chalk CreL Cc 3,920] 5,850) « N | Travis Peak | 10,050 
Buda lime L y : 
ERY Sy y ale lime ; CreU L y y| 2,300) y F | Edwardslime| 2,550 
34] 39 y | Austin chalk, serpentine CreU CP y |1,667|1,747| y F | Austin chalk | 1,777 
35| 36 0.6| Edwards lime CreL L 30 | 2,670) 2,740) 25 F_ | Edwards lime} 2,918 
36| 36 1.4| Navarro sands CreU SH 22 |1,200/2,100) 30 | TF | Travis Peak | 5,311 
37| 38.3 | y | Budalime CreL L 2,012} 2,298 F | Edwardslime| 2,382 
38| 32 | 0.5] Navarro sands CreU 8 16 | 600) 800) 10 | F | Glen Rose 3,850 
39) 18 0.4| Navarro sands CreU SH 15 290} 400} 15 F | Edwards lime} 1,285 
z 40) 37 | 0.3] Serpentine CreU P 25 700| 1,000} 75 |Intn| Travis Peak | 3,290 
41| 36 y | Serpentine CreU P y |1,230|1,336] 100 |Intn | Austin chalk | 1,900 
42) 34 0.4] Navarro sands CreU SH 10 506| 730} 20 F | Edwardslime} 2,835 
: 43| 27 0.3} Serpentine CreU P | 15-25 | 1,335/ 1,500} 100 | Intn| Edwardslime| 2,600 
44| 30.4 | 0.8] Austin chalk CreU Cc 10 | 2,050}2,200} 75 F | Edwardslime | 2,600 
45 0 0 | Navarro-Taylor sands CreU SH y é oo yl oY¥ F | Edwardslime| 2,289 
’ y . 
46 | 42-44 | y | Buda, Edwards, Glen Rose} CreL L 4 Heed y y | AN | Travis Peak | 7,635 
; ’ y 
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West Texas Oil Development in 1939 


By Perer P. Grecory,* E. W. OwEn,{t AND 
Joun G. H. Crump,t Mempers A.I.M.E. 


(New York Meeting, February 1940) 


AurHougH oil production in West Texas in 1939 reached the high- 
est figure for any year since the inauguration of proration, drilling 
activity continued in the decline that had commenced the previous 
year. Production totaled 79,469,341§ bbl. of oil during 1939 as compared 
with 71,257,541§ bbl. in 1938 and 75,743,000 in 1937. The number of 
wells completed in 1939 was 1850, compared with 2045 in 1938 and 
2806 in 1937. Several factors combined to cause the decrease in drilling 
activity, principally the continued increase in the length of time required 
to obtain a return of investment and the scarcity of important new 
discoveries during the past two years. 

Of the 1850 completions 1638 resulted in oil wells, 4 were gas wells, 
168 were dry holes and 40 were abandoned locations; 1990 new locations 
were made during the year. The ratio of dry holes to producing wells 
completed was one dry hole to each 9.75 oil wells, compared with one 
dry hole to each 7.48 oil wells completed during 1938. This large 
decrease in dry holes was due to a marked decline in the number of 
wildcat wells drilled, there having been only 120 wildcat completions 
during 1939. 

In addition to the lessened exploration work, the decline in activity 
was largely accounted for by the slowing up of operations in the older 
pools of Ector, Howard and Winkler Counties. Ector County, which 
had led West Texas in 1938 with 622 new oil wells, furnished only 485 


producers in 1939, but was still the leader for the West Texas district. 


The largest gain in activity was in Yoakum County, where 350 oil wells 

were completed in the Denver-Wasson field against 152 during 1938. 
Most of the older oil fields have been almost completely drilled up, 

only a few new producers still being completed from time to time in 


Summarized at meeting; manuscript received at the office of the Institute 
April 16, 1940. 

* Chairman, Yates Pool Engineering Committee, Iraan, Texas. 

} Geologist, L. H. Wentz (Oil Division), San Antonio, Texas. 

{ Assistant Petroleum Engineer, Department of Petroleum Economics, Chase 
National Bank, New York, N. Y. 

§ Oil and Gas Journal. 
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Sons }3SUapewe Pte Number 


11 


Area Proved, 


Total Oil Production 
Bbl. 


Acres 
oor 
it 0) 
County, Field Dis 
covery T E d f D “ 
il t| To End o! uring 
Ue Se) 1930 1939 
Andrews: Deep Rock (Walker-Fuhrman)..................+20005 1931 4,370 0 2,630,494 606,091 
CTR Oot Goan O Ue CORED DIORA SEO DEA OO Gc nee 1937 960 0 324,981 279,031 

RGLINS a mae Se oa toy aero Gices a STE crclevazawe Sia olalpraiaiaee a0 Sisal eslalere 1934 8,000 0 3,202,625 933,860 

tree PS Gee on COO OCR OCD: hea aE BOGS CPD PIn Cre nic. OUTS is vn . 9,108 9,656 

otc rciat apae ctatcrel a sieve istete.«, ophrel cle akdcos ss chara: a, asah eferevwr lave le ole ae) eters ! QL 

Snafier Lake.. SOD OO aD he Pic Cee Dian ay te Roca ee cid 1938 401 0 j 4 
fh sage HEE net TORE OSES CEO AE e Stee Goran 1937 360 | 160 43,417 24,614 

CN ae ao Somer ess ato Sie salociniave at eunte 0 322,283 160,486 

Ueto eon: Church poly Gulf ey McClintic 0 | 112,259,890 | 3,696,244 

Crane: Dune. . oe 0 153,793 | 151,405 
Sand Hills (Permian). . Pe enti cree 0 1,552,429 437,432 
Sand Hills (Ordovician) 0 249,013 78,890 

(CHAE Ohl 116 on RE EMOTE GAR ER OAS GREP GCC roeraCo DOue 0 96,034 87,403 
iWorld=Powelleeen seer hcnicrae nomiaceiven «sta din lteter cic stoverel sfaye 0 6,615,542 347,057 

Dawson: ae orc cane ori niotO viclttaettiet tes care sebtae y 1,000! 0 
ESO SI Ph sie scot s Thee nite Tumi’ ele Sst ariee sPoon. a's Saber y 2,500! 

Ector: Addia (SouthiCowden) shane seams seule cme eee se caste 1933 1,000 0 959, "434 839,542 
POEMS ASTUCARRE erc ie ois hs chron argh ole alu is alc Bini, ore 0 0 wave tesavoye 1930 | 13,360 0 12,462,746 | 3,172,426 
INortlt Cowden deep) | sic cies ccinievisalerosisis cf eetsisieye a¥e 2») ctelevorevens 1939 120 0 12/416 12,416 
FET uses em te Ts ei scicn ahi alc Poferaiclctotscate'ais aychecehelene s le/ayerezelnlstevs 1936 | 11,000 0 5,673,598 | 2,908,756 
nea as eee nee prec: th, deal owe wne estan sus 1934 | 26,040 y 16,582,027 | 7,376,238 

Sti cit code OE TOD C7 OS FRE aeRO CERIO eras gia 1933 4,500 0 5,061,724 | 1,946,630 

pee JOHNSON Gea cee. eRe te rete eset s ost oe 1935 | 1,280 0 76,399 24,588 
Ector-Crane: Penn-Jordan-Waddell.......0.....2.0.ec cece cece 1927 | 16,500 0 24,067,664 | 2,796,124 
Gaines: Cedar Lake 160 0 5,919 5, 

Landreth-Kirk 40! 0 1,500! 

FS AYRAERENG Woe asa ce Ccccittecars upestceie we heats om ele eaib ceca inyaene & 5,000 0 330,936 177,439 
Gaines-Y oakum: Wasson Denver..........-2+---+eeeeeee ee ereee 1936 | 55,000 0 9,053,620 | 5,929,335 
Garzas Qarsai(Mmerald)|-s5 css ccs ct cee aca ctleeternistoieieielb ie Glotay si 1925 320 0 94,158 4,540 
Elasscock>) Dodson=DiUlhye: cas ccc tee crisis ele eieie ateyelsiatelaye ele) elmieieieeas 1936 401 0 13,000! 3,6392 
Glasscock-Howard: Chalk-Roberts............6.:0-20seeeeeeeeeee 1926 | 21,700 0 | 90,307,062 | 5, 209, "467 

1400 foot DAV e see ic teal cere sie ites t's aise eieiesen ie eile 1927 | .1,700 0 2 

TRO Cds 08 concoonoc dO OnACRDAbS ato bn Gn Ugoodad 700 Sanvae 1926 | 4,000 0 2 2 

DINOTGOL AVA areata oe = elec Rese aia eielsfeleretdeie alsieieFetetoae 1929 | 8,000 0 2 2 

DEOO Toot ma ee me ike ores se lareio.sisrapaih alee colereteholny stero =i: !6) obra steers 1928 | 2,000 0 2 2 

SOOOAOOt DAY a teens cities oistsia sie eiolerw) eves oats Rist Totalevereleieiele 1928 | 6,000 0 2 2 
Hockley: Slaughter. 2. ...<00020.0c00ceecrcaetness ...-| 1937 | 20,000 0 630,363 474,478 
Howard: Iatan-Denman...........--+s0eeeeeeeeeeee ..| 1925 6,500 0 11,841,908 | 1,860,577 

Moore! Brosy (Snyder) fj... ch ev cise + sleleicivies eeie cig ncinisinsinie's 1937 | 1,000 y 1,195,539 762,010 
EF EGNT TE RCWOT S Tetale aaa ental « osha ale ok Bae Ie Se wisiolap aie ale sim pieTe' A ate 1929 340 0 144,033 5,707 
Loving: ee PERN re er big ore Spetine ad la nczoyay ott adn tate (olnteTs eter bs 1936 350 0 300,485 90,596 

Se ornis Hie GB CLE ESATA Tete ce Rane ie Cc Gatco. .USe OG 1925 4,500 0 7,782,310 403,009 

Mitchell: Westbrook 1 nee co IN See ae ii: Mee em ae 1921 4,000 0 10,530,579 231,805 

(ECAR INOUE oA dota Ge mnie HODOGE AHBOO OE Bs nC OoUObL aCutayeOE 1939 120 0 22,884 22,884 
[pnt trl. 58 seo nance GUC AoE DOUG EOE Sa Atte ROE Oe 1939 320 80 9,093 9,093 
ME ARUOPAOTI GS Ste as sieeve sivas wisfertee o Malad al erstste faeces) Ge ees 1927 1,000 0 795,604 90,622 
NE SICORTICNE Pan oe. cette isc edie etl ooligurss elute en soem 1934 160! 7] 2,447 
INGHREE VUNG Ey, oie « ctinis oicinlalefale o's atersseleie,chenoselacarder wie toyei aay Aly wiv 1934 1,600 0 297,898 53,387 
(Pecod Vialleyer ei ceri cece sites wee a caachert+ fairl ("ia ls aiereleiefeie 1928 Fae Toes ee 
Richar OTS coe CGE To AL ninD CODE ae Oa nO DON 1929 16 ; ; 

ee) 1938 320 0 535,733 463,570 
1,300 0 5,846,922 608,361 
450 0 533,881! 19,590 
1,620 0 5,199,083!) 519,468 
am ed) gael] 
at Git) Sh G Gr GHee cg OOD Oo OEE pn Obits amie Ore ica 700 0 84, 

Yate ine) WI ee Aileen tetera clare oreererel oreielareianare © 20,000 0 | 247,403,819 | 7,737,871 
Pecos-Ward: Payton... . 1... -00e00sscnecec eter sence rss e sees 1937 1,770 0 1,377,719 | 1,092,641 
Regan: Big Lake TTT artnet meberiey 0) Gackic iomrrmn isan oe 1923 275 0 3 8 


b Footnotes to column heads and explanation of symbols are given on page 239. 


1 Estimated. 
2 Production of various ‘‘pays” included in field total. 
3 Production included under Big Lake Ordovician. 
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; Oil-production | Reservoir Pres- 
Total Gas Production, Number of Oil and/or Gas Wells Methods, End | — sure, Lb. per 
Millions Cu. Ft. of 1939 Sq. In. 
During 1939 End of 1939 Number of Wells 
| To End of 23 be Initial | End of | 33 
o En ing 193 bets) x, nitii nd of | 8% 
a eee ee a ee E i930 | 5S 
36 o 3 SA |-3s 3 ay < s 
4 gz |2|3|e2lee| 32 | £ | gs & 
2 a 3 a =| S $ 
5 OF 1 Sel Pee Tae ee tom a 
1 z y 63 | 11] 0 0 63 0 48 15 1,800 y 
2 2 y 27 18} 0 0 27 0 15 12 y y 
3 4,133.3 1,470.6 101 | 27] 0 0 98 3 65 35 1,900 1,596 
4 0 0 0 0; 0 0 2 0 0 2 z x 
5 0 0 1 0 0 1 0 0 0 0 y y 
6 0 0 az 0; 0 1 0 0 0 0 y y 
7 40 22.6 3 1 0 1 2 1 1 1 2 z 
8 187.6 93.4 15 ZAL0 0 14 0 11 4 1,600! | 1,440 
9 y y 516 | 42] 1 0 490 0 175 315 750 y 
10 a“ x 21 18} 5 0 16 0 6 10 740 y 
ll 1,351.9 392.1 61 15 1 0 61 0 59 2 2,100 1,757 
12 453 178 7 Vino 0 7 0 5 2 2,760 2,758 
13 z z 27) 18] 0 0 27 0 3 24 z z 
14 x x 64 6] 2 0 46 0 0 46 z s 
15 0 0 2 0; 0 2 0 0 0 0 y y 
16 0 0 1 0 1 0 0 O= 0 0 y y 
17 2 y 19 2) 0 0 15 0 7 8 2 z 
18| 44,365 10,153 314 | 85] 4 0 310 0 286 24 1,740 1,384 
19 121 3 3} 0 0 3 0 2 1 1,300! | 1,290 
20 3,595! 1,885! 391 | 186} 0 0 391 0 235 156 1,521 1,232 
21 40,353 12,649 761 | 255 | 0 3 754 4 716 38 1,675 1,411 
22 y 1,551,562 183 0; 0 0 183 0 89 94 z y 
23 z x 6 4/0 0 6 0 3 3 z y 
24 y y 360 | 51 0 0 358 2 259 99 1,525 y 
25 1.391 1.391 3 3 | 0 0 3 0 3 0 1,876 1,825! 
26 0 0 1 0 1 0 0 0 0 0 y y 
27 6751 3501 22); 13] 0 0 22 0 19 3 2,050 2,000! 
28 10,683 6,997 612 | 460} 0 0 612 0 596 16 1,800! | 1,645 
29 z x 8 Oui y 5 0 0 5 z z 
30 0 0 1 GB ie 1 0 0 0 2 y y 
31 z z oi) icp 7 842 0 0 842 = z 
32 z 2 103 2] 0 0 103 0 0 103 = z 
33 z z 268 pe aie 6 211 0 0 211 = z 
34 x x a 0; 0 1 49 0 0 49 z z 
35 E) £ 283 0] 0 0 283 0 0 283 x z 
36 2 x a 14 1 0 196 0 0 196 z x 
37 477 359 48 | 33] 0 0 47 0 44 3 1,725! | 1,502 
38 z x 265 15 1 0 264 0 4 260 z z 
39 z z 90 | 26) y 0 90 7] 1 89 2 E 7 
40 x Vv 17 0] 0 0 9 0 0 9 = z 
41 0 0 10 2) 0 2 8 0 6 2 y y 
42 x y 85 Taek 1 83 0 56 27 1,650 y 
43 & x 136 0; 0 0 95 0 0 95 1,000! 2 
44 z z 3} 0 0 3 0 3 0 z z 
45 2 x 6 6] 0 0 5 1 4 1 x % 
46 « x 40] 18] y 7] 22 0 0 22 
47 x a 1 ORL 0 0 0 0 0 4 
48 0 0 23 $| 2 0 21 0 15 6 y y 
49 0 0 166 | 41] 8 v 158 0 100 58 y y 
50 £ z 3 0 0 2 0 0 2 2 x 
51 F y 38 12} 0 0 38 0 35 3 = vy 
52 2 x 215 | 12] 0 0 215 0 0 215 x 2 
53 z z 23 0| 0 0 8 0 0 8 a x 
54 z Ed 83 18} 0 2 81 0 0 81 x 2 
55 x y 8 4/0 0 7 1 7 0 9001 7] 
56 x L 10 0} 0 0 10 0 0 10 100 x 
57| 116,559 1,479 556 4) 0 0 552 0 527 29 700 532 
58 y y 185 | 78} 0 0 135 0 127 8 750! y 
59 x x 21 Oe 0 1 4 0 0 4 z £ 
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Character A . Deepest Zone Tested 
of Oil Producing Formation to End of 1939 
| | Depth, Avg. Ft. 
ey , 
8 i = Name g Name 
E\<E 2] 2 Pi r Top | Bottoms)-2.:| <2 
S\2 . 2158 21 Prod. |-am| 3 | oh 
4 |e BIBS A g @ | Zone | Wells || 3 3.2 
# |Szis8 B| 42/8 sil & a 
36 “15 5h tae |) Te ae) a a 
1| 28 y }Big Lime Per D | Por 4,350 | 4,625 25 A | Permian Ls | 5,088 
2| 34.6 | y | Big Lime Per D |Por | 4,190 | 4,225 25 A | Permian Ls 4,350 
3 | 29 y | Big Lime Per D |Cav}| 4,475 | 4,535 35 A_ | Permian Ls 5,088 
4/ 29.5 | y | Big Lime Per D |Por | 4,627 | 4,790 5 | MC | Permian Ls 4,814 
5 | 27 y | Big Lime Per D | Por y | 4,526 y A | Permian Ls 4,526 
6] y y | Yates sand Per 8S |-Por 2,952 y y | Permian Ls 2,952 
7| 30 y | Big Lime Per | DL | Por 4,900 | 5,010 y y_ | Permian Ls 5,076 
8] 31 y | Big Lime Per | DL | Por | 5,000 | 5,050 y | MC | Permian Ls 5,098 
9| 32 y | Big Lime Per | DL | 15 2,800 | 3,000 75 A | Ordovician 12,786 
10} 36 y | Big i Per | DL | Por 3,150 | 3,270 40 A | Permian Ls 3,503 
11) 35 y | Big Lim Per D 1 Por 4,299 | 4,421 25 | AD | Ordovician 6,450 
12) 44.7 0 |“ Sunpcon"? Ellenberger | Ord | Ds | Cav} 5,950 | 6,100 18 | AF | Pre-Cambrian 7,158 
13 | 30 y | Big Lime Per | DL | Por 1,450 | 1,495 101 A | Permian 1,893 
14} 29 az | Big Lime Per | DL | Por 2,450 | 2,550 13 A | Permian 3,695 
15 | 31 y | Big Lime Per | DL | Por 4,970 | 5,038 y A | Permian 5,055 
16| 37 y | Delaware sand Per 8 Por y | 5,100 y A | Permian 5,100 
17] 32 y | Big Lime Per | Ds | Por | 4,000 | 4,350 y A | Permian 4,627 
18 | 34 y | Big Lime Per | DS | Por | 4,000 | 4,350 40+] A | Permian 5,200 
19| 34 1.0} Holt Lime Per | DL | Por 5,100 | 5,150 z A | Permian 5,200 
20| 36 y | Big Lime Per | DL | Por 4,100 | 4,310 35+] A | Permian 4,517 
21) 36 1.9} San Andres, Up. Per | DL | Por 4,164 | 4,233 69 A_ | Permian 4,518 
22| 36 y | Big Lime Per | DL | Por | 4,000 | 4,200 20 | MC | Permian 4,518 
23 | 36 y | Big Lime Per | DS | Por |} 4,100 | 4,166 30 A | Permian 6,098 
24| 36 y | Judkins pay Per D |Por | 3,450 | 3,600 40 A | Permian 4,002 
25 | 33 2.1) Big Lime Per | LS | Por 4,650 | 4,760 70+) A | Permian 4,830 
26 | 27 y | Big Lime Per DS | Por 4,796 | 4,850 50 A | Permian 4,870 
27| 37.5 | y | Big Lime Per | DL | Por 5,050 | 5,300 y A | Permian 5,358 
28 | 34 1.8} Big Lime Per | DL | Por 4,900 | 5,100 y A | Permian 5,346 
29.) 39 y | Big Lime Per | SL | Por 2,000 | 2,510 10 A | Permian 4,801 
30] y y | Big Lime Per | DL ! Por 2,632 | 2,664 4 D | Permian 3,247 
31) y y | Data: Producing formation and deepest zone tested included poreceale re pai 
32 | 33 1.0) Yates sand Per Por 1,280 | 1,400 A | Ordovician 16,55 
33 | 32.0 | 0.8] ‘1800-ft. pay” Per S | 22 1,650 | 1,750 30 A | Ordovician inane 
34| 30.0 | 1.6) ‘'2200-ft. pay” Per | DL | Por 2,150 | 2,300 30 A | Ordovician 0,90 
35| y y | ‘'2500-ft. pay”’ Per | DL | Por | 2,400 | 2,500 30 A | Ordovician 10,906 
36| 27.0 | 3.4| ‘‘3000-ft. pay”’ Per | DL | Por 2,900 | 3,000 20 A_ | Ordovician 10, er 
37 | 32 1.9| Big Lime Per | DL | Por | 4,950 | 5,030 y | MC | Permian ree 
38 | 27 y | Big Lime Per | DL | Por 2,450 | 2,800 50 A | Permian ner 
39 | 30 y | Big Lime Per D |Por | 2,651 | 2,825 {174 A_ | Permian oe 
40 | 38 0 | Yates sand Per S | Por 1,400 | 1,410 10 M | Permian red 
41} 39 y | Delaware sand Per S | Por 3,931 | 3,953 10 T_ | Permian Ret 
42 | 38 y | Delaware sand Per S |Por | 4,290 | 4,310 7 | MC | Permian pes 
43 | 24 y | Big Lime Per | DL | Por 2,800 | 3,000 50 | MC | Permian oe 
44] 41.6 | z | Ellenberger Ord | LS | Por | 4,548 | 4,581 | 33 | Af | Ordovician ’ 
i S-DL | Por | { 1400 | 1.620 5 | 291) D | Permian 1,676 
45| 27 y | Shipley sand Per ‘or 1,640 1,670 L 29 palace ee 
nd Per 8 |Por | 1,200 | 1, ermi: : 
ry - , uc ones 7 Per S |Por | 1,838 | 1,378 10 T | Permian a 
48) y y | Yates sand Per S | Por 2,200 | 2,300 15 |. A | Permian ety 
49} 31 y | Yates sand Per S| Por 1,300 | 1,600 15 A | Permian red 
50| 24 y | Yates sand Per | SH | Por | 1,385 | 1,400 25 A | Permian ee 
51| 35 y | Pecos Matt sand oe f be eon ri MA ac peoese ahs 
e or erm : 
3 8 : Yates dee Per S |Por | 1,016 970 30 A | Permian ae 
| | | Rete fe | By |r| de tip || A [Be | 
Big Lime Per or A ’ v E 
lak 8 leecea ET TB] aS Sas |e feo | Ua 
57| 30 | y | Big Lime o } 5 Shipley Ls 3,200 
Per S | Por | 2,000 | 2,080 80 A pley ‘ 
BB HA 4 ae chee Per 8S |Por | 2,375 | 2,500 40 A | Lower Ord 9,562 
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them. ‘The most active area at the close of the year was the Denver- 
Wasson field of Yoakum and Gaines Counties, which had already spread 
over an area approximately 50,000 acres, and which still had many 
undrilled locations. The Seminole field, Gaines County, which was 
discovered several years ago but which had remained quiescent owing 
to lack of pipe-line outlet, saw a revival of drilling activity upon the 
promise of the building of two pipe lines. This important pool will 
probably see continuous orderly development during the ensuing year. 
The large areas that have been proven in Hockley and Cochran Counties 
continued to be developed very slowly without any prospect of improve- 
ment in the near future. In Pecos County the shallow sand district 
of the Payton-Pecos Valley-Masterson trend continued to receive a 
considerable amount of attention and completed many small wells, 
although profits were at a precarious level. The Goldsmith, North 
Cowden and Foster pools in Ector County were extended to an important 
degree during the year and still have many proven undrilled locations. 


TaBLE 1.—(Continued) 


Area Proved, | Total Oil Production, 
Acres Bbl. 
Year 
County, Field = 
5 ge To End of | Duri 
s b 'o End o uring 

| ee 1939 1939 

Zz 

o 

i=] 

5 

G0}: Regan: Big Lake (S000-Lt.) 0, cais.c1- «cess sic cs eew seis iv sieisiaieie eels 1923 | 3,000 0 3 

61 Big Wake: Ordovician: <<shiceesk ets tenes an onan tees 1928 1,300 0 94,109,239 | 2,345,949 

62 GravaORiretcu’ st uccls Minne coer ees ofa eas «Soe wie etans 1928 640 0 602,009 38,692 

Go heaiess ANGHONY Sc 7, ce ccsa meee tee hen oiients os.cee aot 1939 7] uv 1,487 1,487 

64 Tovah See A: <'Ae an aie ee CORI GLEN RE Uy Oe ae 0 6,500 

65 7] 1,865 1,865 

66 y 10,361 10,361 

67 7] 198,648 72,098 

68 0 49,659,680 | 5,105,475 

69 0 455 10,014 

70 0 15,313 2,200 
ek 0 8,119,803 | 2,307,454 

72 0 219,706 125,651 

73 0 41,815 7,269 

74 uv y | 19,522,518 | 2,233,169 

75 Routh | Wandin crycctucat scmiaent.deemtemenenntiondy Stay taienne 1930 | 11,800 0 | 24,533,248 | 2,292,231 

76 Ripley Goede rs teas tes shires «seamen cn enim iene 1929 q y 7] 440,435 

OMNIY ACOA EAVOD Settee ales ates hieleiaicie eR eteinialee Mie ae ok ox amet 1936 320 0 259,871 100,650 

78 GEG DOL ORS ele sion faieie winipieie 0s nie Rae ate Meet wicaiste Merten ate tott 1936 | 1,880 | 320 1,769,186 | 486,304 

79 Halliny Sesh ate preseias <aieiateion COaEy eis eee «ses nine cians 1935 820 | 10 1,1171| 135,615 

80 ELSI rial tinecasie:s te occ catneh’s scoters. ts nena 1923 | 11,040 | 160 | 199,578,191 | 3,326,736 

81 HSNAErSON Heine core nic +o Beale winle innate vale etn ok een 1935 | 2,800! 7] 3,448,630 877,496 

82 IR OKMiG Aes, Neate dacs cies Barpe vient Ce Daath En aE 1928 | 18,260 0 | 28,288,084 | 4,787,212 

83 Keystone (Colby sand). «feces. «ict emus nteae= de eevee vieeiole 1935 | 6,400 0 821,036 1758 

84 Koevatone? (mb), sane. skcite:.ak eaten. Mtdevan en ee ae 1935 | 9,500 0 3,164,112 621,773 

85 Ledic eases VidhersiSiet ee BW. « «POUT Mua ee Ente palen ee ape 1927 9601 y 3,556,222 106,580 

sy Roasiroash Wawinth/tebrentedemetitrect sreiaraa elie een a ae el 1,920 - 4,397,256 577,485 

0 Uieo.0)0)0.6. 06 6.60 bueno 68060 6 4 0 0 06 6 616 Wis 0.680.008 0 8 oes hs 4 4 

88 | Yoakum: Macs SUsTa sain als Taystale syeis a Mie'ayeie ia salou, prone eats Re ere 1936 | 2500+) y 2,155,366 | 1,208,172 

89 BOMEZO-B ONGC cmon, cc wafer S ¥acanccnaen Sieh Te eee 1938 40 0 15,031 8,392 

90 Waples: Platter /..7) cs. teawksles Ravece con coe ce aerate 1939 y y 9,244 9,244 


4Sealey production included under N. Ward Oct. 1, 1939. 
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Additional drilling in most other pools will depend largely upon the 
future trend of prices and allowables. 


DISCOVERIES 


For the second successive year discoveries of new oil fields were 
remarkably few. However, two of the 1939 discoveries may prove to be 
of real importance, whereas none of the new fields of 1938 have shown 
themselves to be of first-class magnitude. 

Apco Field—The Apco field is the first to produce from the Ordo- 
vician in Pecos County and the third Ordovician field in West Texas. 
Situated in the old Masterson shallow pool on a pronounced local struc- 
ture on the north flank of the great “‘Ft. Stockton High,” it occupies a 
strategic position and may be the forerunner of important developments. 
The first well was completed in May 1939 by Anderson and Prichard as 
their No. 1 Masterson, in sec. 104, bl. 10, H. and G. N. survey. Total 
depth was 4595 ft. and initial production 197 bbl. of high-gravity sweet 
oil. Producing horizon was the Ellenberger limestone. Subsequently 


TABLE 1.—(Continued) 


Total Gas Production Number of Oil and/or Gas Well Sa i eae pueda Pres- 
ere a umber 0! and/or Gas Wells e , En sure, Lb. per 
igo tea of 1939 8a. Ia. 
During 1939 End of 1939 Number of Wells 
Avg. at 

$ | To End of | During 1930 | 22 Be Initial | End of | 2» 
Z rahe te B= |3 13) 82\8 2 3 1939 | 5.8 

os x) 3 BA |-3 5 wo a Z 
2 @z | a|3|88)32| 32 | £ | ge Ee 
a gS s Pe| | 5 Be 5 
a 5316 1.2 pee ee | eo | ao) 24 Ze 
60 z = 261 0 6 1 186 0 0 186 zt “3 
61 z y 24 1 0 2 12 3 5 7 3,600 y 
62 F x 5 0 0 0 5 0 0 5 z y 
63 = z 1 1 0 0 1 0 1 0 z 2 
64 0 0 35 Oo; y 35y y 0 0 0 y y 
65 z z 1 1| 0 0 1 0 1 0 P7 cz 
66 y y 4 2) 6 2 1 1 1 0 2 y 
67 y y 33 22 0 0 33 0 4 29 y y 
68 x x 1,035 | 50 | 47 7 996 0 1 995 x z 
69 zt 2 5 0; 0 0 4 0 0 4 z z 
70 x z 2 0}; 0 0 1 0 0 1 z z 
71 2 y 320 20 3 0 317 0 286 31 1,370 820 
72 z y 38 11 0 0 38 0 29 9 z y 
73 y y 2 1 0 0 0 0 2 0 y y 
74 £ ky 369 34 y 1 368 0 359 14 £ y 
75 & x y 20 | 37 13 653 1 360 307 1,370 z 
76 = z 104 6 1 0 102 1 11 91 £ y 
71 y y ee Oleg 0 7| 0 4 3 y y 
78 E z "92 17 0 3 82 5 84 3 1,300 1,100 
79 z z 26 0 0 2 24 2 16 1,235 y 
80 y y 631 0 | 41 0 326 0 90 236 1,720! z 
81 y y 137 | 10| 0 Ovi 137 y 134 3 | 11450 y 
82 47,756 16,031 887 ve 0 10 861 16 661 200 1,450 632 PM 
83 "y y er eB 08 Hee W437 ok 0 mh 2120 9 y y 
84 x y 76| 10| 0 0 76 0 74 2 y 7 
85 y y 17 1 | 0 7] 9 y 1 8 y y 
86 x y 134 10 0 0 124 0 85 49 1,200 y 
87 4 4 4 4 4 4 4 4 4 4 y y 
88 y y 117 62 0 0 117 y 111 6 % zt 
89 x z 1 0 0 0 1 0 0 1 x zt 
90 y y 1 Lf 0 0 1 0 0 1 & x 
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two offsets drilled into igneous rocks without encountering any Ordo- 
vician. Three additional good producers have been completed, but the 
extent of the field cannot be determined from present information. 

Cedar Lake Field.—The discovery well in Cedar Lake field was the 
direct result of a seismograph survey, although some earlier drilling had 
furnished information that pointed to the presence of a large subsurface 
feature. Stanolind Oil and Gas Company’s No. 1 Raynor, sec. 3, 
bl. C-30, P.S.L., near the northeast corner of Gaines County, was the 
first producer. It was completed in September 1939 for an initial 
production of 1278 bbl. at a depth of 4770 ft., plugged back from 4830. 
Although 115 ft. of saturated section was shot with 625 quarts, an insuf- 
ficient gas volume was developed to flow the well, and gas from the 
shallower Yates sand is used for gas lift. Three subsequent wells have 
been of approximately the same caliber and have given no indication as 
to the limits of the field. 

Lehn Field.—This new shallow pool, between the Masterson and 
Pecos Valley pools in Pecos County, was opened by Leidecker and Cain’s 


TaBLE 1.—(Continued) 


Character A . Deepest Zone Tested 
of Oil Producing Formation to End of 1939 
/ Depth, Avg. Ft. 
=3 
3 ae Name i Name 

io re cs To Bottoms . 3 

BSE el € Sebel Brod, | Pret [eel B om 

2 18,: £/20 & | @ | Zone | Wells |&s| 3 as 

g/eSelss & glé 3&| 2 aS 

5 |5e<|g™ Sila ws) # am 
60} 36 y | Big Lake Ls Per D | Por 2,960 | 3,000 60 | AD | Lower Ord 9,562 
61) 44 y | Ellenberger Ls Ord | DL | Por 8,200 | 8,900 x D_ | Lower Ord 9,562 
62] 32 vy | Big Lime Per | DL | D 3,050 | 3,100 y D | Mississippian 9,967 
63) 30 Jy jy _. y y y | 1,680 ad toe ke ales : M 
64] 27 y | Big Lime Per | DL | Por 100 7 y | MC | Pennsylvanian 5,250 
65 | 34 yo \y y vy y | 4,081 vy u |y y 
66] 41 Oh lip hy sea y y eae ee ee a y 
67 | 25 y | Big Lime Per | DC | Por 2,320 | 2,395 25 A | Permian 4,528 
68 | 28 y | Big Lime Per | DL | Por | 2,250 | 2,300 30 A | Permian 4,610 
69 | 25 y | Big Lime Per | DL | Por 2,060 | 2,150 vy A | Permian 2,176 
70 | 37 y | Shipley-Hazlett Per S | Por | 2,550 | 2,570 y | Permian 2,600 
71 | 34 y | Estes sand Per | 8S |Por | 2,450 | 2,950 15 | A | Permian 3,000 
72| 32.7 | y | Big Lime Per | DL | Por 2,878 | 2,952 74 A | Big Lime 3,085 
73 | 29 y | Delaware sand Per S |Por | 4,665 | 4,675 5 | T | Permian 4,692 
74| 36 y | O'Brien sand Per | SD | Por 2,500 | 2,700 ML | Permian 4,825 
75 | 33 y | O'Brien sand Per S | Por 2,300 | 2,525 40 | ML | Permian 4,825 
76 | 32 y md Ls Per D | Por | 3,075 | 3,100 10 A | Permian 4,400 
77 | 26 y | Whitehorse Ls Per D | Por 3,100 | 3,170 40 A | Permian 3,175 
78} 33 y | O'Brien sand Per 8 | Por 2,833 | 3,100 40 | AC | White Horse Ls | 3,145 
79} 30.5 | y rien san Per | 8 | Por | 3,100 |3,200 | 22 | AC | San Andres 3,855 
80 | 28 1.4) Big Lime Per D | Por | 2,600 | 2,900 y A | Permian 3,920 
81] 30 y | Big Lime Per | DL |Cav | 3,025 | 3,075 30 A | Permian 3,450 
82] 34 y | Permian sand Per | DL | Por 2,825 | 3,050 10 A | Permian 3,414 
83 | 36 y | Colby sand Per 8 |Por | 3,215 | 3,813 98 | AD | Permian 3,702 
84) 36.5 | y | Keystone Ls Per | DL | Por | 3,210 |3,360 [150 | AD | Permian 3,702 
85 | 28 y | Big Lime Per | DL. | Cav | 3,000 | 3,100 y A_ | Permian 3,780 
86] 35 y | O’Brien (Yates?) sand | Per S |Por | 2,860 | 3,400 35 | MC | Permian 3,565 
87| 35 | y | O'Brien sand Per | S | Por | 3,100 | 3,200 | 30 | AD | Permian 4,463 
88/31 | y | Big Lime Per | DL | Por | 5,050 | 5,260 | 45 | MC | Permian 5,255 
89 | 30 y | Big Lime Per | DL | Por uy | 5,225 7] vy | Permian y 
90 | 30 vy | Big Lime Per | DL | Por y | 5,275 y y | Permian 5,275 

é 
_——< ESSENSE 


ee 
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No. 1 Lehn in August. Total depth was 1743 ft. and the initial pro- 
duction 13 bbl. The producing horizon is the ‘‘sandy lime zone”’ of the 
upper Permian. Several additional small wells have been completed 
but the pool can be of only moderate importance. 

Opp Field—Harold B. Opp’s No. 1 J. T. Jackson, sec. 41, bl. LL, 
Schleicher County, was completed in September for a 105-bbl. well. 
The depth was 4060 ft. and production was obtained from a horizon in 
the Cisco series of Permian age. The importance of the strike cannot be 
judged at the present time. 

Page Field.—First oil production in the Page gas field was found in 
June by the Lone Star Gas Company’s No. 1 Page, sec. 30, bl. L., Schlei- 
cher County. Initial production was 250 bbl. of 42° gravity oil at a 
depth of 5727 to 5747 ft. The producing horizon probably belongs to 
the Strawn series of the lower Pennsylvanian. 

North Cowden Field (Holt Pay).—In the important North Cowden 
oil field a new and deeper Permian lime producing horizon was discovered 
by the Gulf Refining Company’s No. 1 Holt, which was completed in 
July 1939. The well made 217 bbl. per day from moderately porous 
limestone at 5148 to 5186 ft. The gravity of the oil was 35° and the 
quality was similar to the regular Permian lime production of the district. 
The new horizon is amost 1000 ft. below the regular pay zone of the field. 
While two additional small wells had been completed in it by the end of 
the year, its importance is still problematical. 


CONCLUSIONS 


Although the record of West Texas in 1939 was not as satisfactory 
as in some former years, the district still has enormous proven reserves, 
which could maintain production at something like the present level 
for many years. Many hundreds of proven locations remain to be 
drilled, of which a considerable number will furnish wells of large size. 
The search for deeper horizons has just begun and much exploration of 
this kind can be anticipated for the future. The development of new 
Ordovician production in northern Pecos County and adjoining areas 
may possibly assume real magnitude. While West Texas operations 
are now suffering considerably from the low rate of income, the district 
is one of the most substantial producing areas in the world and undoubt- 
edly will continue to see a sound development. 
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Oil and Gas Development in West Virginia during 1939 


By Davin B. Reeur,* Memper A.I.M.E. 
(New York Meeting, February 1940) 

Tue discovery of prolific oil wells in old territory hitherto regarded as 
doubtful, if not worthless, and the rapid extension of a gas pool opened late 
in 1938 were the most interesting petroleum features in West Virginia 
during 1939. Oil activity in general was slow because of crude prices that 
were still fairly low at the end of the year, although substantially increased 
above those in January. Fewer oil wells were completed, but the average 
results were better than in 1938. Fewer gas wells, also, were completed, 
with greatly lessened average initial production. Many old oil and gas 
wells were abandoned, so that the total number of active wells has not 
changed appreciably. The account of operations, as gathered from trade 
journals and other sources, shows that 561 new wells were drilled, result- 
ing in 101 new oil wells with 2261 bbl. of daily initial production; 366 new 
gas wells with 602,400,000 cu. ft. of daily open flow; and 94 dry holes. 
Besides these new wells, 61 old wells were drilled to deeper sands, with 
12 bbl. and 13,328,000 cu. ft. of added production. On the new wells the 
oil average was 22.38 bbl. per well per day; and the gas average was 
1,645,900 cu. ft. per well per day; the ratio of dry holes to completions was 
16.76 per cent. 

From an exploratory standpoint one partly discredited oil area was 
revived by good new production, and another small oil pool may have 
been opened. Some of the results in gas exploration will require more 
drilling for true appraisal. It is certain, though, that one very consider- 
able gas field in the sands of Mississippian age has been proved; and there 
is a probability of six new pools in the Middle Devonian shale. In 
the Oriskany sand (L. Dev.) the Elk-Poca pool has been extended con- 
siderably farther northwest into Jackson County; and farther north in 
Jackson County two widely separated wells, which may be pool openers, 
have been successfully completed. On the other hand, several important 
wildcats in various counties have been dry. Stratigraphically lower, some 
additional wells have been completed in the Newburg sand (Sil.) and one 
small producer has been completed in the Clinton sand (Sil.), the impor- 
tance of which can scarcely be overestimated, because no Clinton produc- 
tion has previously been found in the state, although at least seven wells 
have been drilled through the sand. 

Manuscript received at the office of the Institute Feb. 1, 1940. 


* Consulting Geologist, Morgantown, W. Va. 
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The principal oil wells completed, by counties, were: Calhoun, 10; 
Gilmer, 6; Pleasants, 17; Ritchie, 21; Roane, 16; Wirt, 6; and Wood, 5. 
Production for the year was estimated by the U. 8. Bureau of Mines as 
3,570,000 bbl. The leading counties in gas-field completions were: 
Boone, 12; Braxton, 11; Cabell, 30; Calhoun, 27; Clay, 24; Gilmer, 32; 
Jackson, 13; Kanawha, 73; Lincoln, 17; Ritchie, 27; Roane, 20; 
Wayne, 21; and Wetzel, 15. Production for the year is estimated at 
147,000,000,000 cu. feet. 

No pipe lines of consequence were built, but a considerable amount of 
construction for dehydration and desulphurization of gas has been done. 
The price of gas has remained stationary, but the price of crude oil has 
increased. Various important mergers of affiliated companies have been 
concluded. ‘There is a good possibility that a considerable increase in gas 
exports to Pennsylvania will occur in 1940. 


GENERAL STATE OF INDUSTRY 


No exact figures relative to the amount of land under lease in the state 
are available. One year ago the writer estimated that 4,500,000 acres 
might be under lease. In 1939 some new territory was leased, but a 
considerable acreage was surrendered, so that the total figure is not much 
changed. The proved oil reserve has not been appreciably changed, but 
the proved gas reserve was increased. 

Up to the end of 1939 there had been completed about 63,400 oil and 
gas wells. During the year 101 oil wells and 366 gas wells were completed, 
and 786 old wells were abandoned. At the end of the year about 17,953 
oil wells and around 13,451 gas wells were active. Production statistics 
are as follows: 


Average Average 
) Oil per Gas, Gas per 
Period Oil, Bbl. Well Millions Well 
Daily, Cu. Ft. per Day, 
Bbl. Cu. Ft. 
IG CRGLOL LOGO ues «tok ther ei ee 410,091,000 6,484,800 
During aah. wa asec cee ea oe 3,684,000¢| 0.57 134,342¢ | 30,630 
DuringelOsO ren ecw Waem Se ee hee 3,570,0007| 0.54 147,000° | 29,941 


« Figures by U. 8. Bureau of Mines, final for gas, subject to revision for oil. 
» Estimated by D. B. R. 


PRINCIPAL AREAS OF ACTIVITY 


In Boone County, besides routine operations, a well on the western 
slope of the Warfield anticline was drilled to depth of 6004 ft., with gas in 
the Big Lime (L. Mis.), Newburg sand (Sil.) and Clinton sand (Sil.). 
Total open flow was only 418,000 cu. ft., but the rock pressure was 
1955 lb.; 169,000 cu. ft. of the gas was found in the two Silurian sands, 
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of which 70,000 cu. ft. occurred in the Clinton. This is the first Clinton 
sand production found in West Virginia and may easily presage an exten- 
sive drilling campaign along the 50-mile portion of this anticline from the 
well westward through Boone, Logan and Mingo Counties, where the 
drilling depth should seldom exceed 6000 ft. and should not be more than 
4500 ft. in some localities. 

In Braxton County, in Birch district, the territory that may now 
be called the Sleith gas pool continued to be active. In this pool there are 
38 gas wells, 1 oil well, 6 dry holes, and 4 drilling wells. Gas production is 
mainly in the Salt (L. Pen.) and Big Injun (L. Mis.) sands, with average 
open flows of about 400,000 cu. ft. and average rock pressures of about 
525 lb. The productive territory should include at least 8000 acres. 
The Villa Nova gas pool, partly in the same county and district, will be 
discussed under Clay County, in which it principally occurs. 

In Cabell County, 30 wells out of 31 completions were gas wells, but 
the average initial production was small. Three of these wells (Clay 
No. 1 in Barboursville district near Martha; Robinson No. 1-30 in Guyan- 
dot at Wilson; and Topping No. 1 in Guyandot southward from Reid), 
may result in separate pools in the Brown shale zone or may together 
form a larger pool. 

In Calhoun County the 41 completions resulted in 10 oil wells, 27 gas 
wells and 4 dry holes. One oil well, in the Big Injun sand (L. Mis.), 
with 35 bbl. of initial production, may open a small pool southeast of 
Sycamore, Sherman district. 

In Clay County 24 wells out of 28 completions obtained oil or gas 
production. An important feature in this county is a new producing 
area that may be called the Villa Nova gas pool, along Elk River, partly 
in Buffalo and Otter districts, Clay County, and partly in Birch district, 
Braxton County. On the basis of incomplete information, the producing 
horizon of the discovery well, drilled late in 1938, was described by the 
writer one year ago as the Webster Springs sand. The complete logs that 
are now available on various wells show rather conclusively that produc- 
tion is found in the Edray sand rather than in the Webster Springs. The 
Edray sand, named at its Pocahontas County outcrop by the writer, is 
in the Pencil Cave (Lillydale) shale of the Mauch Chunk series (U. Mis.) 
and belongs slightly below the Little Lime (Glenray) of the Mauch Chunk 
and slightly above the Big Lime of the Greenbrier (L. Mis.) series. 
Production has not commonly been found init. Incidentally, an old well 
drilled in Birch district, Braxton County, one mile northwest of Glendon 
as of 1916, had 100,000 cu. ft. of gas in the same sand and would have 
been the discovery well of the Villa Nova pool if this promising showing 
had been followed. 

The Villa Nova pool has 17 producing wells, with gas mostly in the 
Edray sand, at depth of 1500 to 1800 ft., depending on the topography, 
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but partly in the Rosedale Salt (L. Pen.), Big Lime and Big Injun sand 
(L. Mis.). Average initial open flow is 1,100,000 cu. ft. per well per day 
and average rock pressure is 525 lb. There are 16 wells drilling and no 
dry holes. About 1500 acres of territory have been proved and the pool 
is yet undefined. This pool is at the extreme northeastern end of the 
Hansford anticline. 

In Gilmer County, 52 completions resulted in 6 oil wells, 32 gas wells 
and 14 dry holes, all of which may be termed as routine drilling. 

In Jackson County 15 wells were drilled, all to the deep Oriskany sand 
(L. Dev.), as will be separately discussed later. 

In Kanawha County 73 gas wells, mostly in the Oriskany sand, were 
completed, as will be discussed later. 

In Lincoln County 17 new gas wells were drilled and 21 old ones were 
deepened to the Brown shale (M. Dev.), with good results. 

In Pleasants County 17 new oil wells had a total measured initial of 
457 bbl. and 2 deepened wells added 59 bbl. Toa considerable extent this 
production came from the Big Injun and Squaw sands (L. Mis.), as will be 
more fully discussed under Ritchie County. A deep well (Ella Hammett), 
drilled through the Oriskany sand on the Burning Springs anticline in 
Grant district 14 mile southeast of Eureka, was a failure in the Oriskany 

but made 3 bbl. of oil in the Speechley(?) sand (U. Dev.). 
In Putnam County two new Brown-shale (M. Dev.) gas wells (Oxley 
No. 1 and Glass No. 1), in Curry district east of Frank, have opened a new 
productive zone on the Byrnside anticline, where former gas has mainly 
been found in the Salt sand (L. Pen.). The good structure of this locality 
holds considerable promise. 

In Ritchie County 21 new oil wells totaled 1217 bbl. of new production. 
To a large extent this production comes from the Squaw sand (L. Mis.) 
in the Buck Run oil pool, which is astride the Ritchie-Pleasants line 3 
miles south of Schultz. These wells have revived an old producing local- 
ity where earlier drilling had not been very successful. The largest well 
(S. C. Hammett, 3720) on the Ritchie side of the line made 520 bbl. after a 
shot. In this county, also, 27 new gas wells and 5 wells drilled deeper 
yielded 9,555,000 cu. ft. of new open-flow gas production. 

In Roane County 44 completions resulted in 16 oil wells with 184 bbl. 
of new production, 20 gas wells with 9,078,000 cu. ft. of daily open flow, 
and 8 dry holes. 

In Wayne County 21 new gas wells yielded 5,842,000 cu. ft. of daily 
open flow. One of these wells (Booth No. 1), in Butler district southwest 
of Wayne, had Newburg sand (Sil.) production. A wildcat (Hutchinson 
No. 1), in Ceredo district south of Ceredo, was dry through the Oriskany 
sand. Another well (Smith No. 1), in Union district north of Herbert, 
apparently opens up some new Brown-shale territory. 
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In Wetzel County 15 new wells and 2 old wells drilled deeper gave 
22,468,000 cu. ft. of new daily open-flow gas production 


SUMMARY OF EXPLORATION 


Table 1 gives a summary of important wildcat or exploratory wells 
drilled during 1939, together with some others that have furnished unex- 
pected production in old fields. 


DEVELOPMENT IN ORISKANY SAND 


Drilling to the deep Oriskany sand (L. Dev.) in 1939 was mainly 
confined to Jackson and Kanawha Counties. The results so far obtained 
in these two counties are summarized in Table 2. This table, incidentally, 
has been revised because of more information on wells completed before 
1939 and does not entirely agree with previous summaries. In Jackson 
County 15 wells were drilled to the Oriskany, resulting in 13 gas producers 
with 86,197,000 cu. ft. of new open flow daily. Most of these wells are in 
Ripley and Washington districts and are northwestern outposts of the 
Elk-Poca field of Kanawha County. One of the new wells (Parsons No. 
1), however, is in the northern part of Ripley district, 3 miles east of 
Ripley town and 15 miles north of the Elk-Poca pool. It may therefore 
openanew pool. Another new well (Currey No. 1) is in the northern edge 
of Ravenswood district, west of Buttermilk, and is likewise far removed 
from older production. Two completions in the vicinity of Ravenswood 
city, Ravenswood district, in 1938 and 1939 seem to point to another 
producing area. These four definitely productive localities will no doubt 
result in a considerable drilling campaign. Two wildcats in Ripley 
district (Starr No. 1, north of Silverton, and Lathey No. 1, northeast of 
Rockcastle), on the other hand, may discourage drilling in the southwest- 
ern region. As of Jan. 1, 1940, in this county 12 wells were 
drilling or unreported. 

In Kanawha County the Oriskany operations have mostly reached a 
routine stage. Two wildcats in Washington district (Wiseman No. 1, 
south of Upper Falls, and Toney No. 1, north of Alumville) were dry in the 
Oriskany, although having small flows in the Brown shale. The Wiseman 
well was formerly reported by the writer as a 1938 dry hole in the Oriskany, 
but its recorded completion date should be 1939. These two wells, how- 
ever, may open a productive Brown-shale area. The total figures for the 
Oriskany sand in this county in 1939 show 57 completions, with 55 gas 
wells having 349,056,000 cu. ft. of new open flow daily, and 2 dry holes. 
As of Jan. 1, 1940, 38 Oriskany wells were drilling or unreported. Some of 
the unreported wells may be abandoned locations. 

The figures shown in Table 2 refer only to results in the Oriskany sand. 
Various wells in the Campbell-Davis Creek and Elk-Poca pools of Kana- 
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wha County, planned as Oriskany tests, have been completed as gas wells 
in higher sands, mainly the Salt sand (L. Pen.), Big Lime (L. Mis.) and 
Brown shale (M. Dev.). One of these wells (Morton No. 2), in Poca 
district, had a Big Lime open flow of 17,280,000 cu. ft. per day. 

Any attempt to define the producing limits of the Oriskany sand in 
Jackson County would be pure conjecture. The quantity of gas per acre 
or per well in the recently completed wildcats would likewise be impossible 
to estimate, but the wells of the southern parts of Ripley and Washington 
districts belong to the Elk-Poca pool and may be expected to conform 
with that field in production. 

In the Charleston gas field, which may be defined as including the 
Campbell-Davis Creek, Cooper Creek, and Elk-Poca pools, with about 
65,000 acres of proved Oriskany gas, it is estimated that about 200,000,- 
000,000 cu. ft. of gas has been produced. Rock pressures, originally 
varying from 1000 to 2000 lb., have now declined to 250 or 300 lb. in the 


TaBLe 1.—Important Wildcats Drilled in West Virginia during 1939 


Location 
No,| County | Malate Dy | pi 
Lat. Long. 

Li} BOOUGR. 28 tactic ene eae Peytona 2.25 mi. S. of 38° 15’) 3.94 mi. W. of 81° 35’| 6,004 | Pen.-Kanawha 

Bl BOOuG cae dctassie oe Washington | 2.99 mi. S. of 38° 00’| 3.61 mi. W. of 81° 45’| 1,428 | Pen.~Kanawha 

Sil (Cab cc setae se rckiseny Barboursville | 1.98 mi. S. of 38° 25’| 1.54 mi. W. of 82° 15’| 3,258 | Pen.-Conemaugh 

Ba} Cabelas tccacice ius aoe Guyandot 5.58 mi. S. of 38° 30’| 0.20 mi. W. of 82° 20’| 2,955 | Pen.-Conemaugh 

Be Cabelas ints aan sicyiee hee Guyandot 2.32 mi. S. of 38° 25’| 2.50 mi. W. of 82° 20’) 3,308 | Pen.-Conemaugh 

6 | Calhoun...............| Sherman 0.04 mi. S. of 38° 50’) 0.05 mi. W. of 81° 05’| 2,257 | Perm.-Dunkard 

Ch DAAC OYE, ee dxeicetes Ravenswood | 3.20 mi. 8. of 39° 00’| 3.47 mi. W. of 81° 40’| 4,741 | Perm.-Dunkard 

8 | Jackson...............| Ravenswood | 2.13 mi. S. of 39° 00’| 3.59 mi. W. of 81° 35’| 4,707 | Perm.-Dunkard 

§ |) Tacksony o0. v0. cosh Ripley 0.92 mi. 8. of 38° 45’) 1.09 mi. W. of 81° 45’| 5,023 | Perm.-Dunkard 

FO" \Saokkson sy hahaa Ripley 0.29 mi. S. of 38° 50’) 4.03 mi. W. of 81° 35’) 5,139 | Perm.-Dunkard 

11 | Kanawha..............] Poca 3.32 mi. S. of 38° 35’| 4.51 mi. W. of 81° 35’| 1,799 | Pen.-Monongahela ~ 
13) Kanawha: acid. Washington | 2.81 mi. S. of 38° 20’| 0.73 mi. W. of 81° 45’| 4,780 | Pen.-Conemaugh 
13 | Pleasants..............| Grant 3.43 mi. S. of 39° 25’| 1.11 mi. W. of 81° 15’| 5,311 | Pen.-Monongahela 
4c} Pathe es, eae ow ote Curry 4.73 mi. 5. of 38° 25’! 0.16 mi. W. of 81° 55’| 4,379 | Pen.-Monongahela 
15°) Patnam hcg ek Curry 0.12 mi. 5. of 38° 20’) 0.65 mi. W. of 82° 55’| 4,038 | Pen.-Conemaugh 
10) Bitohiass: eye ovat Grant 8.48 mi. S. of 39° 20’| 3.41 mi. W. of 81° 10’| 2,006 PanniDiukaed 
L Taj ditchigest.scehiee ive Grant 3.39 mi. 8. of 39° 20’| 3.41 mi. W. of 81° 10’] 1,982 | Perm.-Dunkard 
TS ARicobidsniadere epee Grant 3.61 mi. S. of 39° 20’| 3.37 mi. W. of 81° 10’| 2,025 | Perm.-Dunkard 
195)" Wayne ira: indeed esas Butler 3.39 mi. 8. of 38° 15’| 3.84 mi. W. of 82° 25’| 3,793 | Pen.-Conemaugh 
Bt | Wayne, 0220022] Goredo | 899 mi Bot 38°28" LAT me Woot 2" 30| S86. | PencComeaee 
D2 WAIDCs cdccinn en racretee Union 3.32 mi. 8. of 38° 20] 2.40 mi. W. of 82° 25’| 2,903 | Pen.-Conemaugh 


ae = 


DAVID B. REGER 


517 


Campbell-Davis Creek and Cooper Creek pools but grade upward to 
about 1900 lb. along the northwestern extension of the Elk-Poca pool in 


Jackson County. 


It would now appear that the field, as presently proved, 


but not entirely developed, should have an ultimate Oriskany production 
of about 400,000,000,000 cu. ft., or an average of about 6,000,000 cu. ft. 


per acre. 


About one-half of this gas has already been recovered. 


In view 


of the line pressures of 200 or 250 lb., against which many of the wells 
operate, it would further appear that field pumping plants may soon 
become necessary. 
To take care of the sulphur that has appeared in various wells in the 
northern part of the Elk-Poca pool, four Girdler-process (Girbotol) desul- 
phurization and dehydration plants have been built by the following 
operators, with respective daily capacities: United Fuel Gas Co., 
50,000,000 cu. ft.; Columbian Carbon Co., 30,000,000 cu. ft.; Godfrey 
L. Cabot, Inc., 15,000,000 cu. ft.; South Penn Oil Co., 15,000,000 cu. ft. 


TaBLE 1.—(Continued) 


Tnitial Production 


Tubing or 
Deepest per ey. Casing 
Horizon Drilled by Property and Pressure, Remarks 
Tested Well No. ) Lb. per 
Oil, | Gas,M | gq. in 
Ss Bbl. | Cu. Ft ss 
cA 
1} Sil.-Clinton Owens-Libbey-Owens | Bull Creek Coal Land 0 418 1,955 Big Lime, Newburg, & 
Gas Dept. Co., 13-500 (120 hr.) | Clinton gas well 
2|U. Mis.-Mauch | Ottawa Gas Co. Mary F. Ellis, et al., 0 3,645 550 Morton gas well 
Chunk . tty (24 hr.) 
3|M. Dev.-Shale | Summit Gas & Dev.| William N. Clay, 1 0 220 550 Berea and Brown- 
Co. (48 hr.) shale gas well 
4| M. Dev.-Shale Merrie Creek Gas | W.L. Robinson, 1-30 0 130 2 Brown-shale gas well 
0. 
5| M. Dev.-Shale | Four Pole Gas Co. Virgil M. Topping, 1 0 52 eye ‘ Brown-shale gas well 
r 
6|L. Mis.-Pocono | Hamilton & Coleman | T.S. Cunningham, 1 35 2 ? Big Injun oil well 
7|L. Dev.-Oris- | Joe Rubin R. G. Starr, 1 0 0 0 Dry; Oriskany absent 
kai 
8} L. ee otis: Joe Rubin, N. P.| D.P. Currey, etal.,1 0 2,534 1,900 Oriskany gas well 
kany Johnston, et al. 4 
9|L. Dev.-Oris-| Columbian Carbon | G. W. Lathey, et al., 0 0 0 Dry through Oris- 
kany Company 1-GW423 any 
10|/L.  Dev.-Oris-} Columbian Carbon] John F. Parsons, 0 328 1,870 Oriskany gas well 
kany Company 1-GW429 (40 hr.) ie 
11|L. Mis.-Green- | Godfrey L. Cabot, Inc.| D. H. Morton, 2-925 0 17,280 ote ; Big Lime gas well 
brier ; ; 
12|L. Dey.-Oris- | Owens-Libbey-Owens | John P. Toney, et al., 0 147 ? Dry in Oriskany; 
kany Gas Dept. 1-558 Brown-shale gas at 
3,396-3,950 ft. 
13|L.  Dev.-Oris-] Columbian Carbon | Ella Hammett, et al., 3 3 ? Dry in Oriskany; 
kany Company i lugged back to 
peechley at 2,930 ft. 
14| M. Dev.-Shale Ree Oil & Gas | M.L. Oxley, 1 0 368 ies | Brown-shale gas well 
0. r. 
15 | M. Dev.-Shale | Reishman Oil & Gas| Wm. Glass (W. G. 0 293 755 Brown-shale gas well 
Co. May), 1 (24 hr.) , 
16 | L. Mis.-Pocono Gate Powell Farm | D. P. Carder, 3 300 2 2 Squaw oil well 
il Co. ; 
17| L. Mis.-Pocono a Const. & Ref. | S.C. Hammett, 3,720) 520 2 2 Squaw oil well 
0. ‘ 
18 | L. Mis.-Pocono | Schultz Oil Co. T. C. Hammett Hrs.,| 200 2 2 Squaw oil well 
6 
19 | Sil.-Néwburg Chartiers Oil Co. han I. J. Bus- 0 400 hea Newburg gas well 
irk, E 
20 | Sil.-Newbur; Chartiers Oil Co. Burnie Booth, 1 0 260 2 Newburg gas well 
21/L. Dev Moa: Fairfax Oil & Gas Co.| §. T. Hutchison, 1 0 0 0 Dry through Oriskany 
ka 
22 M. Dev.-Shale Industrial Gas Corp. | J. D. Smith, 1 0 168 ? Brown-shale gas wel! 


L 
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In other counties, outside of Jackson and Kanawha, the deep tests of 
1939 made no Oriskany-sand gas, although some of these wells were other- 
wise productive. These include one well in Boone, one in Pleasants, and 
threein Wayne County. Only afew such tests are drilling in the state but 
two important tests on the Laurel Hill anticline in Fayette County, Pa. 
and on the Accident Dome in Garrett County, Md., may indicate the 
Oriskany probabilities of Monongalia, Preston, Tucker and other northern 
West Virginia Counties. 


TaBLE 2.—Oriskany Sand Wells, Jackson and Kanawha Counties, W. Va. 


Completed before 1939 Completed in 1939 
umb 
: Ral of Wells 
County and Gas Wells Gas Wells hertos Drilling 
Magisterial Dry | Total | = Dry | Potall (@ometee Unre- 
District an Num- in Num-| pleted ported, 
Num-| gaz yy | Oris- | ber of | Nup-| Gas, M| Oris- | ber of | Wells | 482, 1) 
ber of Cu. Ft kany | Wells | ber of | Cu. Ft.| kany | Wells 1940 
Wells 7 Wells 
Jackson County: 
GYrants.c cote acts 0 0 0 0 0 0 0 0 0 2 
Ravenswood..... 1 337 1 2 2 2,932 1 3 5 0 
ieitel Chadesbaecooe 2 12,795 1 3 6 39,817 1 7 10 6 
Washington.,.... 1 5,329 2 3 5 43,448 0 5 8 4 
Totaleccocwssras 4 18,461 4 8 13 86,197 2 15 23 12 
Kanawha County: 
Big Sandy....... 0 0 1 I 0 0 0 0 1 0 
Cabin Creek..... 0 0 3 3 0 0 0 0 3 0 
Charleston....... 1 88 0 1 0 0 0 0 1 0 
Mee tenet + isieteteters 84 361,356) 10 94 5 11,025 0 5 99 f 
Jefferson......... 0 0 1 1 0 0 0 0 s| 0 
TOU ODS ss-s'00,0'sies 8 3,788 5 13 0 0 0 0 13 1 
Maldaerniyinasss c<:. 35 73,181 5 40 0 0 0 0 40 2 
POOR set alias tntrs © 153 1,623,116 1 154 50 338,031 0 50 204 21 
Umioneare. stare ets 10 21,918 0 10 0 0 0 0 10 ff 
Washington...... 0 0 0 0 0 0 2 2 2 0 
Total its ascites « 291 2,083,447| 26 317 55 349,056 2 57 374 38 
Grand total........ 295 2,101,908} 30 325 68 | 435,253 4 72 397 50 


OPERATING TECHNOLOGY 


In the Charleston gas field, Columbian Carbon Co. has installed 
Blaw-Knox individual dehydration plants at several gas wells. These 
plants, which are experimental in character and not reported in use else- 
where, are prefabricated in units of 2,000,000 cu. ft. daily capacity, in 
which the dehydrating solution contacts the gas under pressure and is 
then recycled under a pressure of 500 1b. A well having more than 2,000,- 
000 cu. ft. of flow into the pipe line would, of course, require two or 
more units. 

Some good results from the acid treatment of Big Lime gas wells 
continue to be reported. One well in southern Wayne County, for 
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instance, with an original open flow of 2,236,000 cu. ft., which later 
declined to small quantity, was treated with 1000 gal. and increased 
to 4,950,000 cu. feet. 


Pier Lines anpD MARKETS 


Few new pipe lines of any consequence were constructed. In Kana- 
wha County Godfrey L. Cabot, Inc., built an 8-in. loop gas line from the 
Campbell Creek territory northwest 10 miles to Edgewood, a northern 
suburb of Charleston. In the same county Ajax Gas Co. built a small gas 
line from Sissonville south 15 miles to Dunbar. 

Crude-oil prices and demand have considerably increased. Starting 
with a low of $1.28 per barrel as of Jan. 1, successive increases carried the 
posted price of $2.34. These increases will greatly help the owners of small 
oil wells and will give some encouragement for drilling in favored localities. 

According to the U. S. Bureau of Mines, the field, or well-mouth price 
of gas steadily declined from 1931 to 1937. The figure for 1938 is 13.0¢ 
per M cu. ft., a rise of 0.1¢ over the 1937 price of 12.9¢. No price or value 
figure is available for 1939, but there has been little change. 


CORPORATE CHANGES 


Late in 1939 numerous corporate changes, mainly in the way of 
mergers of affiliated operating units, took place among the larger oil and 
gas companies of the state. Hope Natural Gas Co. absorbed Reserve Gas 
Co., a subsidiary, and will now operate both properties. In the latter half 
of February, Hope is scheduled to move its executive offices from Pitts- 
burgh, Pa., to Clarksburg, W. Va., where a large operating office has been 
maintained for many years. 

Clayco Gas Co., a subsidiary of South Penn Oil Co., has changed its 
name to South Penn Natural Gas Co. To this new company South Penn 
Oil Co. has conveyed all its West Virginia properties and business except 
its Morgantown tank farm, two blending stations, and its marketing 
facilities. South Penn Oil Co. will retain its charter name but will pass 
out of the picture as an operating company in West Virginia, where it has 
long been most prominent. 

Columbia Gas and Electric Corporation will greatly simplify its 
financial structure, if public authorities approve its plans. Its subsidiary, 
Manufacturers Light & Heat Co., operating from Pittsburgh, will absorb 
Cumberland and Allegheny Gas Co. and Natural Gas Company of West 
Virginia and will therefore have full charge of all company operations in 
northern West Virginia, Another subsidiary, United Fuel Gas Co., oper- 
ating out of Charleston, will expand its scope by absorbing Warfield 
Natural Gas Co., which heretofore has handled Kentucky drilling opera- 
tions. Huntington Development and Gas Co. will continue to operate 
separately as before. 
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County SUMMARY 


Table 3 shows by counties the new development in West Virginia 
during 1939. This information is compiled from all available sources, 
including the trade journals, the West Virginia Department of Mines, the 
West Virginia Geological Survey, the special Plat Service afforded to the 
industry on a commercial basis by Veleair C. Smith, Management, and 


TaBLE 3.—Summary of New Development in West Virginia during 1939 


New Wells Wells Drilled to Deeper Sands 
Oil Wells Gas Wells Production 
County Num. ae er ae ee me ee 
Watt Noms louy pr Ba | Me, | He] Wal on, ou| Sanat] Hol 
Wells Y | Wells | per Day per ay) per Day 

IBarboutscaee ae 1 0 0 1 184; 0 0 0 0; 0 
Boones recnahiasripento oO; QO| 12} 10,111) 1 2 0 610} O 
Braxtoneeecs ec 17 0 0; il 6,389) 6 0 0 0) O 
Brooke 4 3 15 0 Oo; 1 0 0 0; O 
Cabell rete teu. 2s 31 0 0} 30 5,143] 1 1 0 95) O 
Calhoun........ 41 10 172) 27 11,076) 4 0 0 0} O 
Clavier ecient. 28 2 51| 24 | 25,068) 2 1 0 330} 0 
Doddridge...... 6 2 uly 3 728) #1 5 0 803) 0 
Fayette........ 1 0 0 1 738] 0 0 0 0} O 
Glimer’..'52° 52 6 40} 32 | 12,684) 14 3 0 941; 1 
Hancock........ 5 3 9 0 0} 2 0 0 0} 0 
Hptrisone iors. 1 0 0 ut 136} 0 4 0 442) 0 
RCKSOME ine: 15 0 0} 18] 86,197} 2 0 0 0} O 
Kanawha....... 73 0 0; 73 |384,915| 0 0 0 0; O 
The Wise accra 4 0 0 1 76) 3 1 0 O| oa 
INCOM te ee 19 1 ZoileoLe 4,478] 1 21 0 4,658] 0 
WOgansnecaoe ree: 5 0 0 5 2,086} 0 1 0 1,847) 0 
Marion: «22%. .%: 4 1 10 3 346} 0 -f 0 319} 1 
Marshall....... 3 1 3 2 176} O 1 5 0} O 
Mingont- tena. 5 0 0 5 623) 0 0 0 0} O 
Monongalia..... 4 1 1 3 1,514} 0 2 0 168} 1 
Pleasants.......| 32 | 17 457 8 2,309} 7 2 2 59} 0 
Putnamina st . 4 5 0 0 5 1,610) 0 3 0 418) 0 
Ratehiew yc. 20% 64 PALS EP LUCA 4g 7,355) 16 7 5 2,200} 2 
ROBnGie ean aencie 44 16 184} 20 9,078} 8 0 0 0) 0 
EDV lOferrs ssh 13 2 2 3 891) 8 0 0 0} O 
Upshur 2 0 2 625), 0 0 0 0} O 
Wayne 27 3 Si 21 5,842} 3 1 0 92) O 
Wetzel..:...... 19 1 3}. 15 | 225122) 3 2 0 346) 0 
Wirt.. 12 6 8 0 0} 6 0 0 0} 0 
Wood... anes chs 10 5 39 0 0| 5 0 0 0) O 

State total....| 561 | 101 | 2,261] 366 | 602,400) 94 | 61 12 | 18,328) 6 
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from private reports. The various reports are not in entire agreement, 
but Table 3 reflects a careful check by individual wells and should not be 
much in error, unless there has been failure to report certain wells. 

According to the Department of Mines, 718 permits were issued, 
including 30 permits to drill old wells deeper. Of these permits 513 have 
been reported to the Department as completed. The Department sum- 
mary, however, does not include any wells completed through 1938 
permits. Also, few, if any, of the 135 permits issued in November and 
December 1939 have become completed wells, but these permits almost 
exactly balance the 134 permits for the same period in 1938, presumably 
resulting in 1939 completions. The writer notes a growing tendency 
among many operators to report to the Department complete logs and 
complete initial oil and gas tests, although such complete records are not 
required by law. In view of the great value of such statistics, it is hoped 
that full cooperation in this particular may soon prevail. 
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Argentina’s Oil Production in 1939 


By Mario L. Viuia* 


(New York Meeting, February 1940) 


DuRiNG 1939 oil production experienced a new and important increase _ 


in Argentina in the productive areas of Comodoro Rivadavia (‘Territory 
of Chubut), Plaza Huincul (Territory of Neuquén), and those of the 


Province of Mendoza. 


Production in the Standard Oil Company’s field 


in the Province of Salta declined, but that of the Government oil fields 
in that province increased 62.5 per cent. 


TaBLeE 1.—Oil and Gas Production in Argentina 


| Line Number 


no 


Field, Territory or Province 


Comodoro Rivadavia, Chubut Territory 
Zone A 


Province of Salta 
ZOOS TAStAgal :, coves ane Toe ee ce Le ee 


Zone Han, PAG. tern Geer. CoE eae oF 
Zone Agus BIANGA ccc eene cee feeeidic karin cae Pek 
Province of Mendoza 

Zone Cacheuta 


LONG LUPUNGACO./: <r e decrantteacone cin ON nigral 
Zone El Sosneado 
Zone Ranquil-cé 
Zone Lunlunta 


Area Proved, | Total Oil Production, Bbl. 
Year of 
Discov- 
ery 
Oil Gas’ |To End of 1939; During 1939 
32 10,940 | 1,000 | 103,885,268 4,435,733 
15 9,040 | 6,900 | 51,467,314 9,327,743 
23 2,860 250 17,191,324 1,012,086 
6 24,361 
21 220 120 1,648,992 47,791 
13 1,440 370 4,089,581 913,653 
15 560 250 9,567,247 336,137 - 
5 40 44,677 1,465 
13 850 4,546,858 627,955 
11 370 9,715,822 990,064 
13 110 959,558 91,859 
8 350 195,229 87,890 
6 270 838,089 716,619 
14 50 261,079 6,485 
1 2 1,904 1,904 
1 £ 1,209 1,209 


Ma 


+ Footnotes to column heads and explanation of symbols are given on page 239. 


Summarized at meeting; manuscript received at the office of the Institute 


rch 30, 1940. 


* Direccién General, Yacimientos Petroliferos Fiscales, Buenos Aires, Argentina. 


522 


wr. 


a ee ND 


—— eo 


MARIO L. VILLA 523 


Comodoro Rivadavia produced a total of 14,789,463 bbl., which, 
compared with last year’s 14,110,608 bbl., represents an increase of 4.8 
per cent. This increase belongs to the normal development programs of 
the already proven fields, as in 1939 no new field was developed. Figures 
in Table 3 show the steady increase of the field’s output, from 101 bbl. 
produced in the first year of development to 14,789,463 bbl. in 1939. 

Plaza Huincul, owing to intense development work carried out in 
zone 2, reference to which was made in last year’s report (T'rans. A.I.M.E., 
vol. 132), registered an increase of 31.6 per cent in production. In that 
area Y.P.F. and Compania La Reptblica Ltd. are operating, so that such 
increase may be credited to both (Table 3). 

In the Province of Salta intensive development operations in the 
southern area of the Tranquitas field, in the region known as Tartagal, 
have brought about for Y.P.F. a 62.5 per cent increase over last year’s 
output, representing a total of 188,845 bbl. of crude. 

Y.P.F. has sunk five more wells in the Rfo Pescado area (Aguas 
Blancas) which are good producers. In all, nine wells have been drilled 
by the Government in this new field and as soon as the necessary field 
equipment has been installed exploitation will be intensified. This work 


TaBLE 1.—(Continued) 
Lo ee 


r Oil-produc- | Reservoir 
1 opined oe Number of Oil and/or Gas Wells M eos ie Character of Oil 
ac End of 1939| Sq. In. 
= 3 
During Number of = 
1939 End of 1939 Wells Rigs 
§ ravity Sul- 
: ° Avg. at A.P.L. at h 
83 To End of During > oe > ¢ End of 2 60° F., ee 
g 1939 1939 Ba 3 3 BS | we bp 1939 = | Weighted er 
oP eo CMa ela raenllics » | 3 @ | Average Cent 
a ng a) as reals o> | Sa x 
8 ge | d@|s | 8s |se\ 88! 8 | $8 8 
3 6] hort a jae lee] AC) mo a 
1 | 164,565 8,327.3 | 2,473 78 44 139 | 1,425) 20 19 | 1,406 y RP 20.7 
2 58,107.4 | 3,558.4 800 | 124 11 93 480) 25 8 472 458.7 | PM 24.2 
3 10,712.9 828.9 760 50 29 173 359) 24 359 % PM 19.0 
4 2 eo il 3 2 ; ls 23.1 
5 1,747.3 194.4 103 10 49 49 % RP 30.7 
6 7,847.2 | 1,313.6 167 14 10 37 115 i 19 96 727 PM 35.4 
if 9,647.5 437.7 213 il 45 101 6 101 x RP 33.6 
8 1l 1 1 2 2% 38.4 
9 6,876.4 987.4 207 10 1 43 126 126 720 PM 45.4 
466.5 | 1,246.2 65 21 28 21 7 x 44.5 
it es On 2 22 5 10 6 1 5 | 1,992 PM 47.9 
12 60.4 60.4 43 2 25 1 24 31.6 
13 218.4 218.4 17 4 6 10 10 3,329 33.3 
14 14 & 12.9 
15 2 1 1 1 i! bi 13.5 28 
16 2 1 1 1 4,266 29.2 
re eee 
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involves the construction of a 25-km. pipe line, a terminal shipping plant 
for railroad tank cars, a compressor plant for gasoline extraction and 
pressure-maintenance operations, and a stabilizing and storage plant. 
Table 3 shows Salta’s crude output since 1926, the year in which develop- 
ment began. 

The Province of Mendoza showed an outstanding increase in its crude 
production for 1939, for which the four new wells drilled by Y.P.F. are 
responsible. These have become good producers, confirming the first 
impression that a new field of great importance had been discovered. 


A new horizon, known as the Tupungato horizon, contributed in 1939 a — 


crude output of 712,343 bbl. from three wells. One of these wells was 
finished in April, another in August, a third in October and a fourth on 
Dec. 31 (the last, of course, cannot be taken into account), and are not 
producing to full capacity, flowing through 72 to %»-in. openings. 
Table 3 gives Mendoza’s yearly output figures since 1926, the year in 
which development began. 

The country’s total crude production in 1939 amounted to 18,613,167 
bbl., of which 10,222,533 bbl. were from Government oil fields. Com- 
pared with 1938 this means an increase in the country’s production 


TABLE 1.—(Continued) 


Producing Formation Brg a sree 
Depth, Avg. Ft. 
8 Name Agee a i ‘ 
3 & | & | Top Prod. | Bottoms [3 ‘sk 
1 i g ne Prod. Wells | x ag 
q 5 > 
a « zs am 
1 Sesomniie y Chub- | CreU 8 28 pie 1,800-3,940} | 30 Chubutiano 7,750 
utiano 
2 mene y Chub-| CreU 8 25 | (2,620-4,920 | 2,690-6,400} | 36 Chubutiano 6,389 
utiano 
3 hati ghee y Chub-| CreU iS] 28 1,640 2,130 13 Chubutiano 4,133 
utiano 
4 Chubutiano CreU 8 20 2,890 2,920 26 Chubutiano 6,616 
5 | Dogger Jur 8 Por 1,870 1,990 39 Lidsico 3,011 
6 | Dogger Jur 5S |20-29 2,370 2,500 33 Lidsico 5,320 
7| Dogger Jur S | Por 2,400 2,590 56 Lidsico 4,202 
8 | Dogger Jur 8 18 3,362 3,665 Lidsico 5,038 
Areniscas superiores, | Cre? 
9 | Gitte Gondwana Per} | SL8 [12-20] 1,150 1,970 | 33 Gondwana _| 6,035 
10 p yh weniger Pao 8 Por 30 Devénico 3,920 
v1 { Sine a tte § |12-22] 3,370 4,260 | 40 Gondwana _| 5,182 
12 Victor, Cacheuta y | Tri 8 Por 1,940 3,080 13 
tee " 3 
a Pilona er H 740 
18) sere a \ Por { 5,870 1,400-6,510 } 7,055 
14/y ; Ter-CreL 
15 | Neocomiano CreL LS 930 1,220 
16 | Potrerillos Tri 5 Por 7,386 8, 
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amounting to 1,537,018 bbl. (9 per cent), of which 1,224,153 bbl. (13.6 
per cent) must be credited to Y.P.F. and the remainder (3.8 per cent) to 
private companies. The amount of crude produced by each company in 
1939 is given in Table 4. 

In the Lunlunta region, Province of Mendoza, 30 km. east of the 
Cacheuta field, Y.P.F. in 1936 drilled a wildcat that reached a depth of 
8121 ft. and found only oil and gas shows. In 1939 a new well was sunk 
at a distance of 414 km. from the earlier well, tapping an oil sand between 
4188 and 4231 ft., from which the well is now flowing. 

Y.P.F.’s R.C. 2, drilled in the Ranquil-cé area, 320 km. south of the 
Cacheuta field, discovered another pool between 939 and 1220 ft. com- 
prising four productive sands. 

Well S.E. 1, also drilled by Y.P.F. in Mendoza, Santa Elena area, 
attained a depth of 4920 ft., encountering basement rocks that demon- 
strate that overthrust faults due to movements of the Cordillera de los 
Andes extend farther east than was previously thought. 

Well N.S. 1, the first drilled in the Senillosa area (Territory of 
Neuquén), discovered an important gas accumulation. Drilling is still 
in progress. 


TaBLE 2.—Summary of Drilling Operations in Argentina 


Important Wildcats Drilled in 1939 


Initial 
Pressure, 
fon per | | E>. per 
Day ‘3 qd. In. 
Province Deepest . ae! 
or Location Well lise wey Bocags ie Ae 8 Remarks 
Territory 2: Tested zz gs 
Fi ene 
Z| aS os oo | & 
28 aa lgSlSe| 2 | 3 
a SA lomo" | 6 | & 
Chubut..... Comodoro 1,656 | 6,193} Oligocene Cretaceous YEE 157|2 2 a| 2 
Rivadavia 
Chubut..... Comodoro M.8 | 2,139} Hocene U. Cretaceous] Y.P.F. Dry hole 
Rivadavia ; 
Chubut..... Comodoro §.132 | 5,346] Pliocene U. Cretaceous} Y.P.F. 252/y yl oy 
Rivadavia 
Neuquén. . .| Senillosa NS.1_ | 3,443] U. Cretaceous] L. Cretaceous | Y.P.F. 7 YM Y|caen 
Waltate dees. Aguas Blancas] AB.10 | 3,545) Tertiary Devonian Spee Drilling 
0. 
Mendoza. ..| Lunlunta L3 7,426, U. Tertiary | Triassic Y.pay 25210.03 
Mendoza...| Ranquil-cé | RC.2 | 3,598) U. Cretaceous) Triassic Y.PsE. 31 
Mendoza. ..| Tupungato 7.22 | 6,718] U. Tertiary | Triassic Y.P.F. | 2,276)0. 
Mendoza...| Santa Elena | SE.1 | 4,920) Tertiary Triassic | Y.P.F. Dry hole 
San Luis....| Alto Pencoso | AP.1 | 2,465] Miocene Undetermined] Y.P.F. Dry hole 


Number of wells drilling Dec. 31, 1939... ........---.02 +02 ss eeeee cree eee 
Number of oil wells completed during 1939..............----- +s eeeeeeees 
Number of gas wells completed during 1939..............00..s00seeeerees 
Number of dry holes completed during 1939.............--.00+s0eeeeee ees 
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TABLE 3.—Crude Production in Argentina 


BARRELS 
Government 4 Government * 
y 7 Private , . Private 
Year ps) Companies Total Year pe) Companies Total 
Comoporo RIVADAVIA Puaza Hurncun.—(Continued) 
1907 101 101 | 1931 640,920 | 997,305 | 1,638,225 
1908 11,454 11,454 | 1932 588,272 | 1,222,015 | 1,810,287 
1909 18,801 18,801 | 1933 417,260 | 1,014,502 | 1,431,762 
1910 20,713 20,713 | 1934 328,634 | 756,417 | 1,085,051 
1911 13,096 13,096 | 1935 386,936 | 534,512 921,448 
1912 46,936 46,936 | 1936 496,973 | 548,312 | 1,045,285 
1913 130,411 130,411 | 1937 482,927 | 502,036 984,963 
1914 275,470 275,470 | 1938 466,297 | 520,485 986,782 
1915 513,139 513,139 | 1939 640,712 658,337 | 1,299,049 
1916 816,316 48,880 865,196 [ee 
1917 | 1,142,919 67,095 | 1,210,014 |Totals...| 6,281,307 | 9,073,992 | 15,355,299 
1918 | 1,242,734 108,697 | 1,351,431 
1919 | 1,183,105 | 145,852 | 1,328,957 
1920 | 1,424,962 | 222,282] 1,647,244 Saura 
1921 | 1,747,406 | 303,052 | 2,050,458 
1922 | 2,163,194 | 667,432 | 2,830,626 
1923 | 2,516,302 | 772,230 | 3,288,532 ee ae alee 
1924 | 3,424,068 | 1,146,107 | 4,570,175 , , 
1928 7,177 90,727 97,904 
1925 | 3,832,321 | 2,037,155 | 5,869,476 
1929 19,530 187,146 206,676 
1926 | 4,530,328 | 3,096,221 | 7,626,549 
1930 103,747 191,411 295,158 
1927 | 4,983,970 | 3,111,028 | 8,094,998 
1931 146,934 | 477,002 623,936 
1928 | 5,107,046 | 3,089,315 | 8,196,361 
1932 123,152 | 895,665 | 1,018,817 
1929 | 5,077,370 | 3,083,956 | 8,161,326 
1933 237,819 | 1,670,209 | 1,908,028 
1930 | 4,538,814 | 2,818,719 | 7,357,533 
1931 | 4,707,040 | 4,703,719 | 9,410,759 | 1934 180,499 |. 1,002,077 | 2,083,476 
1932 | 4,962,175 | 5,313,232 | 10,275,407 | 1935 120,969 | 1,792,210 | 1,913,179 
1933 | 5,134,407 | 5,170,619 | 10,305,026 | 1936 209,444 | 1,562,108 | 1,771,542 
1937 244,838 | 1,604,478 | 1,849,316 
1934 | 4,780,513 | 6,072,781 | 10,853,294 
1938 301,857 | 1,475,760 | 1,777,617 
1935 | 5,390,694 | 6,016,259 | 11,406,953 | 1035 eet) wa 
1936 | 6,405,101 | 6,154,916 | 12,560,017 , 210,845 | 1,710,547 
1937 | 7,121,444 | 6,284,731 | 13,406,179 
toss. | Sose7e7 | Goeseil | 14110¢0s {To!---| 2186668 | 13,088,032 | 15,225,600 
1939 | 8,283,496 | 6,505,967 | 14,789,463 
MeENDOZA 
Totals. . .| 99,592,639 | 73,007,205 | 172,599,844 
Puaza Hurncun 1926 12,580 12,580 
1927 491 491 
1928 14,467 14,467 
1918 82 s2 | 1929 157 157 
1919 126 126 | 1930 2,799 2,799 
1920 3,843 3,843 | 1931 35,369 35,369 
1921 5,781 5,781 | 1932 1,585 32,651 34,236 
1922 31,312 31,312 | 1933 8,561 37,180 45,741 
1923 44,898 1,585 46,483 | 1934 16,046 37,029 53,075 
1924 60,095 28,714 88,809 | 1935 36,451 17,253 53,704 
1925 92,866 26,148 119,014 | 1936 60,283 20,826 81,109 
1926 147,790 61,799 209,589 | 1937 86,563 26,078 112,641 
1927 191,914 | 324,256 516,170 | 1938 183,429 17,713 201,142 
1928 298,976 | 462,869 761,845 | 1939 807,623 6,485 814,108 
1929 389,055 | 634,177 | 1,023,232 em LSE Fee 
1930 565,641 | 780,532 | 1,346,173 |Totals...| 1,200,541 261,078] 1,461,619 
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In Comodoro Rivadavia, well 8. 132, drilled in zone No. 2, has dis- 
covered between 5205 and 5297 {t., the deepest pool yet found in this field. 


TABLE 4.—Crude Production by Different Companies 


BARRELS 
Company mca Abend Salta Mendoza Total 
Yacimientos Petroliferos Fis- 

GEHISS. o ee ae aot Bene ee 8,283,496] 640,712) 490,702! 807,623] 10,222,533 
ASU AMUN Anis cisis tors te «sienna 840,803 7,944 848,747 
Herrocarrllerdrars otic. eters es 960,200 960,200 
Industrial y Comercial........ 215,778 215,778 
Diadema Argentina.......... 4,206,054 4,206,054 
POLAT OF en aire reltichspeasbarcre es 283,132 283,132 
Spandard Oil¢@oren.c.5 one. oe 236,026] 1,219,845 1,455,871 
WagitepubilGamrercse ts secs. fe 414,367 414,367 
MUiOwAGUES Mutdee me aacsi ee ool. 6,485 

“TROT Ishak ans ere bt a Pe en ee 14,789,463] 1,299,049) 1,710,547| 814,108} 18,613,167 


Petroleum in Bahrein Island, 1939* 


Tue oil production in Bahrein for the year 1939 totaled 7,588,554 
bbl., a decline of 709,444 bbl. from the 1939 production of 8,297,998 bbl. 
The production for the first seven months of 1939 remained fairly con- 
stant, the daily average by months during this period ranging between 
20,000 and 22,000 bbl. per day. The daily average rose in August to 
the year’s high of 23,800 bbl. per day, then dropped gradually to the 
year’s low of 18,787 bbl. per day for November. The daily average for 
the year was 20,791 bbl. At the end of 1939 there were 59 wells produc- 
ing and 8 wells drilling. 


* Information received through the courtesy of the Bahrein Petroleum Company, 
Ltd. Manuscript received at the office of the Institute May 1, 1940. 


Petroleum Developments in Canada in 1939 


By G. 8. Hums* 
(New York Meeting, February 1940) 


Propuction of petroleum and natural gas increased in Canada in 
1939 principally because of new wells in Ontario and Alberta. 


TURNER VALLEY 


The Turner Valley field, Alberta, yielded 7,456,000 bbl. of petroleum 
in 1939 in comparison with 6,703,548 bbl. in 1938, an increase of 11 per 
cent. Turner Valley now supplies 96 per cent of all petroleum produced 
in Canada (Table 1). 


TasLe 1.—Production of Petrolewm and Natural Gas in Canada 


Petrie Bile Natural Gas, Thousands 


Cu. Ft 
Province 
1938 1939 1938 1939 

INTO TbA: seers, oo rteraicte tens eit ere 6,742,039 | 7,500,000 | 21,792,779 | 22,775,000 
Saskatchowans. pass \ccmer taetenices 87,422 100,000 
Manitoba tr orerctie ioe rece oi 600 600 
Onbanomsenn wen. Metra cee eis 172,059 207,500 | 10,696,833 | 11,700,000 
New: Brunswitk oiciesce see oes 19,277 18,800 581,832 610,500 
Northwest Territories............ 22,854 17,013 

SLOtal enti mans tn Sete, anise 6,956,229 | 7,743,313 | 33,159,466 | 35,186,100 


The Turner Valley field (Table 2) has reached a position where it can 
supply much larger volumes of petroleum than the Prairie market is 
capable of consuming. The allowable production is under the jurisdic- 
tion of the Petroleum and Natural Gas Conservation Board of Alberta 
and the daily rate is set from time to time as warranted by the demand. 
During June the allowable reached a maximum of 27,000 bbl. a day. 
This, however, was a temporary situation due in part to the completion 
of a new British American Oil Co. refinery in Calgary capable of process- 
ing 5000 bbl. a day and with a storage capacity of about 100,000 bbl. 
The maximum consumption was reached during the harvest season with 


Manuscript received at the office of the Institute Feb. 12, 1940. 
*Bureau of Geology and Topography, Canada Department of Mines and 
Resources, Mines and Geology Branch, Ottawa, Ont., Canada. 
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an allowable from Oct. 11 to Nov. 12 of 26,000 bbl. aday. The minimum 
demand comes in the winter months, when the allowable reached a low 
of 10,000 bbl. a day during the month of January. This allowable is 
divided among the producing wells according to a formula set up by the 
Conservation Board, based on the rate of flow through a 1-in. orifice, 
the bottom-hole pressure, the gas-oil ratio and the acreage per well. The 
spacing is now one well to 40 acres, although in the early development 
of the crude-oil area some wells were drilled on 20 acres. Products from 
the processing of Turner Valley crude have not completely captured the 
Prairie markets. During 1939 considerable volumes of gasoline were 
imported into Alberta from the United States. Also, in eastern Mani- 
toba, oil products taken by boats up the Great Lakes were marketed in 
competition with products made from Turner Valley oil. Two things 
are mainly responsible for this situation; namely, 

1. The lower price of Illinois crude oil at the large Imperial Oil 
refinery at Sarnia, Ontario, in comparison with the price formerly paid 
for Mid-Continent crude oil, with the resultant lower cost of products 
and a wider market range. 

2. The high cost of transporting oil by rail from Calgary to the distant 
easterly parts of the Prairies. 

There are a number of small refineries or topping plants at various 
places in the Prairie Provinces but the main refineries using Turner Valley 
oil are Oil and Gas Products, in Turner Valley; Imperial Oil Company’s 
refinery at Calgary, rebuilt during 1939 at a cost said to be considerably 
over a million dollars; British American Oil Company’s refinery in 
Calgary, completed this year; British American Oil Company’s refinery 
at Moose Jaw, Saskatchewan; Imperial Oil Company’s refinery at 
Regina, Saskatchewan, and Anglo-Canadian Oil Company’s refinery at 


TaBLe 2.—Oil and Gas Production in Turner Valley, 
Province of Alberta, Canada 


Area Proved Total Oil Total Gas Pro- 


F F F Number of Oil and/or Gas 
Drilled), 4 duction, Mil- 
( eo" Production, Bbl, lionaiCannt Wells 
i f 1939 
Field, County eb During 1939 | At End o 
5 : To | Dur- ge 
S % | Oil | Gash | ToEnd | During | Bnd of| ing |=% 2e 
q A : of 1939 1939 1939 | 1939 3 <2 3 H a8 Hl to 
+ os @ 5 5 
° ics a OS |S|5 [56 
A P gel eg | 8 |gelsalse 
3 a oleae a 
1| Turner Valley, Alberta. .|1924| 3,600} 10,000) 27,478,850 | 7,456,000 873,263| 15,875] 216) 34 6 941 | 104 


b Footnotes to column heads and explanation of symbols are given on page 239, 
1 Mostly flowing wells. 
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Brandon, Manitoba. The freight rate on petroleum in tank cars from 
Calgary is 1814 cents per hundredweight (51.8¢ per barrel) to Moose 
Jaw, 19¢ per ewt. (53.2¢ per bbl.) to Regina, 35¢ per ewt. (98¢ per bbl.) to 
Brandon, Manitoba, and 39¢ per cwt. ($1.09 per bbl.) to Winnipeg. 
There are two 4-in. pipe lines and one 6-in. pipe line connecting Turner 
Valley to Calgary. The pipe lines are common carriers although owned 
by the Royalite Oil Co. The rate charged is 914¢ per barrel. There is a 
loading charge of 214¢ per barrel to railway tank cars at Calgary. The 
development of Turner Valley oil field has reached a stage where only 
further moderate expansion can take place until new markets are found. 
Much consideration has been given to the construction of a pipe line, 
particularly to the head of the Great Lakes at Fort William, Ontario, 
and the question has arisen as to whether there are adequate reserves in 
Turner Valley to justify such a project; that is, can sufficient oil be 
handled to pay the high costs of constructing such a pipe line for the 
necessary 1250 miles? There is no doubt the problem would be greatly 
simplified by the discovery of new and large producing fields outside of 
Turner Valley and a considerable amount of drilling for this purpose has 
been done in 1939 and will be continued in 1940. 

The Turner Valley field has a total length of 17 miles with a large 
producing area in the south and a smaller one at the north end. In the 
intermediate area, 8 miles long, one well, the Argus, was completed during 
the year. It was about 144 miles from the dry hole of Dalhousie No. 8 
well, completed in 1937. The Argus well apparently showed a rather 
low porosity but has been made to produce a substantial volume by 
acidizing the limestone. The nearest producer to it, 14% miles to the 
southeast, is Advance No. 5A well, which early in the history of the field 
changed from a naphtha-gas to a crude-oil well but is now classed as a 
gas well again because of the high gas-oil ratio. Thus, it seems that in 


TABLE 2.—(Continued) 


Oil-produc- Reservoir Pres: 
i se Deepest Zone 
bo ee S| sure, Lb. per Con acioe Producing Formation Tested to 
1939 8q. In. End of 1939 
Rigibes of Depth, é 
ells aoe . Gravity Avg. Ft. d fe 
8 & (Gas) End ‘oe Name Age?| _ g Name 3 
E = | Area) | of | Weighted 3 | he = 
5 2 ‘S 1939 | Average ae g ‘ 
o| ££ | | oS = 
r= i} =. 2 > a 
3) a 3 2< & 2 
1 2,000+ | 5172 | 42-43 | Rundle (Madison) | Mis 468} A4 | Mis | 5,8705 


2 June 1939. 

$120 to 150 ft. thick. 

4 Faulted. 

5 Faulted at depth of 2140 ft. in Mississippian limestone. 
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spite of low or only moderate porosity the intermediate area between 
the north and south ends of the field may produce oil but the amount is 
still somewhat in doubt. Also, the north limits of the north producing 
area have not yet been found. The structure of the field is believed to 
be favorable for a further 6 miles northwest of the most northerly produc- 
ing well but it is unknown whether this whole area is above the oil-water 
line which in southern Turner Valley is known to be somewhat higher 
than 4500 ft. and below 4100 ft. below sea level on the top of the Rundle 
(Madison) limestone, the producing formation. Since the structurally 
highest gas well drilled in the field has an elevation of 786 ft. above sea 
level, on top of the same limestone the productive closure of the field is 
thus now known to be about 4900 ft., of which slightly more than 2000 ft. 
is closure in the oil zone and the remainder in the gas-naphtha cap. 


OTHER FIELDS 


Foothills —tIn the foothills outside of Turner Valley no successful 
wells were drilled in 1939. About 22 miles west of Calgary, in the 
Jumpingpound area, on the east side of the foothills, there is a pronounced 
fold, which, from the drilling of two previous wells, was known to be 
underlain by a low-angle fault that cut above the Paleozoic limestone. 
It was thought, however, that the dip of the fault plane would be steeper 
than the dip of the strata above it, hence it was believed that the lime- 
stone might occur above the fault to the west of the wells already drilled. 
The drilling of Brown Consolidated No. 1 well to a depth of 6885 ft. 
did not bear out this assumption, and the underlying fault was encoun- 
tered at almost precisely the same horizon as in a well a mile to the east 
on the crest of the anticline. The anticline, therefore, is a drag fold 
above a major fault and apparently has resulted from a thrust transmitted 
by a competent mass of limestone still farther west. This information 
apparently is of very far reaching importance in regard to the interpreta- 
tion of structures in the foothills and, although the well was abandoned 
as a failure, the data from it may prove to be extremely valuable in 
further exploration. 

During 1939 three wells were completed in outliers of Paleozoic 
limestone within the foothills belt and a fourth is still drilling. These 
were all drilled to test the Devonian limestones underlying the Mississip- 
pian beds. In two of the wells, one on Savannah Creek, 25 miles south- 
west of the south end of Turner Valley, in the Livingstone Range, and 
one on the Ram River, 110 miles northwest of Calgary, a major fault was 
encountered under a relatively thin slice of Paleozoic beds and in each 
ease the well passed back into Upper Cretaceous strata under the fault. 
In the third test, made on Clearwater River 80 miles northwest of 
Calgary, some oil was encountered in the Devonian between 1100 and 
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1300 ft. in depth and the whole of the Devonian thickness was drilled 
without further significant results. It is probable that some more 
drilling will be done on this structure in 1940. In the other Devonian 
test, not yet completed on the north end of the Moose Mountain uplift, 
40 miles west of Calgary, the well is now at a depth of 6200 ft. apparently 
in basal Devonian strata without any appreciable shows of oil. 

Grease Creek and Brazeau.—Two other areas—Grease Creek, 45 miles 
northwest of Calgary, and Brazeau, 110 miles still farther northwest—are 
being tested. Neither well has been completed. Gas under heavy 
pressure has been encountered in the top of the Blairmore formation in 
the Brazeau test. 

Steveville—On the plains several wells have been drilled at Steveville, 
about 100 miles east of Calgary. Substantial shows of oil have occurred 
in some of these wells but at present the field appears to offer much better 
prospects of gas apparently over a very wide area. One well now drilling 
will test the older formations of the Paleozoic, although it is doubtful 
whether any Silurian and Ordovician rocks are present between strata 
of Devonian and Cambrian ages. 

Near Lethbridge——Some further drilling has been done south of 
Lethbridge, Alberta, and a small amount of oil is being produced from 
two wells in the Del Bonita area. Seismic surveys on the Blood Indian 
Reserve southwest of Lethbridge point to a structure with considerable 
south closure on the north-plunging Sweet Grass arch. This structure 
will be tested in 1940. 

Lloydminster.—At Lloydminster, on the Alberta-Saskatchewan 
boundary, two oil wells have been completed in Alberta and one in 
Saskatchewan. The oil is heavy and the wells need pumping. The 
structure is very flat. The area has a number of gas wells, some of which 
are being used to supply the town of Lloydminster. About 30 miles 
west of Lloydminster and 6 miles east of Vermilion, a well of heavy 
gravity oil has been completed on the Battleview structure extending 
southward to Battle River. Previously a large gas well had been drilled 
on this structure 16 miles south of the oil well. A well drilled in 1939 
about midway between the two gave a large flow of gas. The gas and 
oil occur at or below the contact between the Upper and Lower Cretace- 
ous beds at depths of 1600 to 1900 ft. This structure appears promising 
for further developments. 

Fort Norman Area.—In the Fort Norman area, on Mackenzie River 
in the Northwest territories, Imperial Oil Company Limited has two 
producing oil wells and operates a small refinery. In 1939 a dry hole was 
drilled. The wells supply oil for fuel and power in mining operations 
in Great Bear and Great Slave Lake areas and for local use. The 
refinery, which operates only in the winter, has been increased in 1939 
to process 800 bbl. a day in comparison with a former capacity of 300 bbl. 
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daily. The wells are operated throughout the year and the oil stored in 
the winter months. 

Warwick Field.—In Ontario a number of shallow wells were drilled 
for petroleum in the Warwick field, Lambton County. These wells are 
less than 500 ft. deep and production is from Devonian limestones. In 
some of the wells an initial production of 100 bbl. or more a day was 
reported but the decline was rapid. This field added a substantial 
quantity of oil to the production of Ontario in 1939. 

Gas.—Some drilling was done in the older gas fields. The main gas 
developments in Ontario followed the discovery of the Malahide field, 
Elgin County, by the Union Gas Co. Twenty gas wells and a number 
of dry holes were completed during the year. The main producing 
horizon is the top of the Guelph formation, of Silurian age, at a depth 
of 1050 to 1100 ft. The daily initial flow of gas varied in the wells from 
less than 1000 M cu. ft. to nearly 2000 M cu. feet. 

Gaspe Area.—Following extensive geological work by the Quebec 
Department of Mines and the favorable recommendations of an area 
in Gaspe, the Imperial Oil Co. commenced a well late in 1939. Oil 
seepages were recorded from this area in the Proceedings of the Literary 
and Historical Society of Quebec in 1836. They were described by Sir 
William Logan in 1863 but early attempts at drilling ended in failure. 
Between 1889 and 1901, however, about 50 wells were drilled many of 
which reached a depth of 2000 to 3000 ft. and a number produced small 
volumes of oil. A refinery capable of handling 150 bbl. a day was built, 
but later, owing to the failure of the wells, the whole project was aban- 
doned. ‘The revival of drilling in Gaspe, therefore, by the Imperial Oil 
Co. is of very considerable interest. The structural conditions are 
undoubtedly favorable and the problem is one of discovering horizons 
of adequate porosity to provide reservoir rocks. 


Petroleum Developments in Colombia during 1939 


By O. C. WuHerever,* Memper A.I.M.E. 
(New York Meeting, February 1940) 


Tue total oil production from Colombia during 1939 amounted to 
23,774,151 bbl., constituting a new high record. Of this amount the 
Tropical Oil Co. produced 22,374,151 bbl. from its De Mares concession 
and the Colombian Petroleum Co. produced 1,400,000 bbl. from its 
Barco concession beyond the eastern Andes. The Socony Vacuum Oil 
Co. produced a small amount of crude from its Las Monas wells north of 
the Sogamoso River in the Magdalena Valley for consumption on its own 
property, but this is not included in the figures given above. 

The South American Gulf Oil Co. provided the outstanding develop- 
ment in the country by the completion, late in the year, of its 12-in. pipe 
line from the Colombian Petroleum Company’s Barco concession to the 
coast at Covenas. This was a notable accomplishment, achieved in the 
face of tremendous natural obstacles. With the completion of this line 
there are now two crude-oil outlets from the interior of Colombia to the 
coast, the other being the Andian National Corporation’s line down the 
Magdalena Valley from Barranca Bermeja. The Barco property 
becomes the second major producing area in Colombia. 

The acquisition of prospective oil lands continued at about the same 
level as during the previous year. Most of the lands taken up or applied 
for had their subsurface rights vested in the National Government. 
Relatively little interest was taken in the leasing of privately owned 
lands. ‘Tropical surrendered its Putana concession on the Sogamoso 


River after finding it to be nonproductive. The status of applications | 


for National lands that had been accepted or on which concession con- 
tracts had been awarded at the end of the year is shown in Table 3. 

In the Magdalena Valley wildcat drilling in the search of new fields 
was conducted to the east of Puerto Berrio by the Compania de Petroleo 
Shell de Colombia, Compania Colombiana de Petroleos El Condor and 
by the Sociedad Nacional del Carare; further down the valley to the east 
of Puerto Wilches, the Socony Vacuum was drilling two wildcats. No 
discoveries resulted from this exploratory work. On the Barco conces- 


Manuscript received at the office of the Institute Feb. 14, 1940. 
* Chief Geologist, International Petroleum Co., Ltd., Toronto, Ont., Canada. 
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sion the Colombian Petroleum Co. drilled one wildcat well, which made 
a small pumper. 

The National Government enacted Decree No. 1694 of 1939 on Aug. 
28, for the purpose of regulating certain provisions of the Petroleum Law 
relating to the filing of concession applications, to limitations on acreage 
holdings and to the surrender of concession contracts. 

The Ministry of National Economy, Petroleum Department, issued, 
under the authorship of Dr. Felix Mendosa and Dr. Benjamin Alvarado, 
an interesting and highly instructive publication on the petroleum 
industry in Colombia, entitled La Industria del Petroleo en Colombia 
(The Petroleum Industry in Colombia). The volume is printed in both 
Spanish and English. Chapters are included on the history of the 
petroleum industry in Colombia; a review of the oil industry, including an 
account of the activities of the operating companies; statistics on produc- 
tion, exports, and refining; geology; and a final chapter on the Colombian 
Petroleum Laws. An introductory chapter presents a brief summary of 
items of general interest such as Government, Geography, Climate, 
Political Subdivisions; Population, and so forth. 

Another contribution of interest that appeared during the year was 
the March issue of World Petroleum, which was devoted exclusively 
to Colombia. This issue was accompanied by a map containing insets 


TaBiE 1.—Oil and Gas Production in Colombia, South America 


a a ee ee Ln age colle [ane had ke 
Oil-pro- 
Senay Total Oil Production, Number of Oil and/or Gas | duction 
ye Bbl. Wells Methods 
oe of 1939 
Field, Department “4 During | ind of 1930 | mb 
o 
> 
° . ° 
3 3 : To End of | During | #3 >a 
2 08 1939 1939 | 2/3] B kesly |» 
3 = $5/3|8 |fa/2 (2 | » ig 
A Bey eo a |/23/8./23 = =| 
© a Beal @ Basal a] F se 
E 3 8) 8 | 2 BESS] & [BS 
1 | Infantas, Santander............-- 1918 123,011,003 | 4,802,464 | 470 0} 0 0 
2 | La Cira, Santander..............+ 1926 127,066,229 |17,571,687 | 600} 100). 0 0 
3 | Las Monas, Santander............ 1926 SO 10.) 2) 4 0; On eet 
4 | Petrolea (North Dome) Santander |1933} 3,500 1,400,000 68] 40) 0 | 12 | 56 0| 56) 0 
LCL NONE Gee eens x. aisle weeroe es 
5 | Petrolea (South Dome) Santander |1937 0 1; oO} 0 A Ol Oy) @ 
(ORIN O TAS Saccnncs aC area eee 
6 | Rio de Oro, arid a Lagos Hel s é 4 e i zl, 
i te bOrests 
i ete f te oe, < “ 5 ee “ ici 28,774,151 |1,151| 144} 0 


¢ Footnotes to column heads and explanation of symbols are given on page 239. 
1 Capable of producing. 


showing the well locations in the Infantas and La Cira fields of the 
Tropical Oil Co., those of the Colombian Petroleum Co. on the Barco 
property and those on the Socony Vacuum’s Restrepo concession. 
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OPERATING COMPANIES* 


Colombian Petroleum Co.—An outlet for crude oil from the Barco 
property of the Colombian Petroleum Co. was provided for the first 
time by the completion in October of the South American Gulf Company’s 
pipe line from Petrolea to Covenas. The property was placed on a steady 
producing basis beginning the last three and a half months of 1939. 

Drilling operations of this company were carried on in the following 
areas: Petrolea (North Dome); Petrolea, (South Dome); Rio de Oro; 
Carbonera and Leoncito. Quoting from Mr. Duce: : 

‘1, In the Petrolea field (North Dome), which is a faulted anticline, 
40 oil wells were completed during 1939—no dry holes. Of this total, 2 
were from the Ostrea beds (shallow) around 475 ft.; 28 were zone I wells, 
around 700 to 800 ft.; 9 were zone III wells, around 1300 to 1400 ft., and 
one well was completed in the lower zone IV and top of the Uribante zone, 
which was a good producer at a total depth of 1284 ft. The gravity of oil 
in the Petrolea field ranges between 40° and 47° A.P.I. Total production 
from the field was 1,400,000 bbl. during the last 314 months of 1939. 

‘2. There was no activity on the Petrolea (South Dome) during the 
year 1939. Only one well completed in 1937 at a total depth of 1350 ft. 
is capable of producing oil. 


TaBLE 1.—(Continued) 


ar of Producing Formation Deen ane 
& Depth, Avg. Ft. 
3 o 
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2| 88) se 5 one e aS 
5/20 55 | ge _|él2 B*| 8 a 
1 0.90 | A, B, C zones Olig me ee ran 
‘0c 00-2, Cc 5 
2| (31*| 725-3) 0.90 | A,B, C zones 71 ea rake a i ae 
0c 25| 400-3,950 Cre 051 
3 Chus Olig | 8 rats 
4 43.5 Cogollo Cre | LS Basal Msi * and | 1,284 
Fe Y 
5 87.7 Zone III Cre | LS 1,050-1,111 A fe se 1350 
6 38.0 Catatumbo | Eoc | 8 AF | Catatumbo 1,608 
4 21.5 Barco 1,981 10 Barco 2,722 


2 Number of repressuring key wells. 


* Data regarding company operations provided as follows: Colombian Petroleum 
Co.,"James Terry Duce; ; Socony Vacuum Oil Co., J. C. Case and C. 8. Corbett; Com- 
pania de Petroleo® Shell” de Colombia and Comments Colombiana de Petroicon El 
Condor, H. Wilkinson. 
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“3. At Rio de Oro, three oil wells were completed during 1939 from 
the Catatumbo formation, one of which was deepening at the close of the 
year. Gravity of oil, 38°. Structure is a narrow, tight anticline, con- 
siderably faulted. Area of field is still undefined. 

‘“‘4. At Carbonera one oil well was completed in 1939 and a second 
well was drilling. This was a wildcat well. 

“5. Leoncito No. 1—a wildcat completed in 1938 as a dry hole, total 
depth 3045 ft. No additional work done in 1939 in this area. 

“ Refinery.— During the year 1939, a refinery with a capacity of 500 
bbl. daily was constructed at Petrolea. 

“Pipe Line.—The South American Gulf Oil Co. completed its pipe 
line from Petrolea field to the Covenas terminal, a maritime port at 
Bahia Cispata of the Gulf of Morrosquillo of the Caribbean Sea, in the 
Department of Bolivar about 240 miles east of Cristobal, Panama. 
Data follow: 

‘“‘Length of line, 263 miles. 

‘“Type, 12-in. welded steel pipe throughout, except a 5-mile section 


‘from the 5286 ft. level at Paso Rieber, the highest point crossed, to a 


point 2800 ft. lower. 

“Capacity. Present facilities 25,000 bbl. per day: Potential capac- 
ity of line, 70,000 bbl. per day. 

“Pump Stations. Petrolea, elevation 217 ft. above sea level. Tarra, 
elevation 2378 ft. above sea level. Convencion, elevation 3182 ft. above 
sea level. 

“Tankage. At Petrolea, two 80,000-bbl. tanks; three 55,000-bbl. 
tanks. At Covenas, six 118,000-bbl. tanks. First oil to be loaded into 
tankers at Covenas was on Oct. 21, 1939.” 


TaBLE 2.—Summary of Drilling Operations in Colombia in 1939 


Important Wildcats Drilled in 1939 


Location 
Total Deepest 
Surface } 
Department cp Tormation cd rae 
Survey Lat. Long. 
Ti Santanders; 4. .ceseriites a s10 Narino No. 1 Restrepo Cone. 6,515 | Puerto Santos Chuspas 
DU OAMGRHOGE: natets siete aries 5 Zambito No. 1 6°16/49’" N. | 0°25/24” W.} 2,388 | Mesa 
of Bogota ; 
3 | Santander del Norte......... Carbonera No. 1 | 8°25’ N. AEE = of | 2,772 | Mirador Barco 
ogo! 


Socony Vacuum Oil Co.—The Socony Vacuum conducted wildcat 
drilling in two localities north of the Sogamoso River during: 1939. Its 
Narino No. I well, 25 km. east of Puerto Wilches on the Restrepo conces- 
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sion, was abandoned in January because of mechanical difficulties, at a 
depth of 6516 ft. in the Chuspas formation of the Oligocene. A second 
well, called Narino No. 3, was started near by and had reached a depth 
of 7644 ft. at the end of the year. About 10 km. to the northeast on this 
same concession, the company was drilling on a geophysical prospect, a 
well designated as Peralonza No. 1. This well had reached a depth of 
9274 ft. at the end of the year, where it was fishing. No drilling opera- 
tions were carried on on the Las Monas structure. A small amount of 
oil was produced from that structure for fuel purposes. 

Compania de Petroleo Shell de Colombia commenced and was drilling 
at the end of the year a well known as Monte Oscuro No. 1 on its con- 
cession southeast of Puerto Berrio. Coordinates of this well are: latitude 
6°9'58’”’ N., longitude 0°13'59’" W. of Bogota. This well starts drilling 
in the La Cira formation. 

Compania Colombiana de Petroleos El Condor carried on drilling 
activities on two wells, known as Zambito No. 1 and Baul No. 1, both of 
which are on the concession southeast of Puerto Berrio, which was 
acquired from Concorcio Minera Nacional. The Zambito well has the 
following coordinates: latitude 6°16'49” N.; longitude 0°25’24”" W. of 
Bogota. It was started drilling in the Mesa formation and was finished 
as a water well at a depth of 728 meters. Baul No. 1 is on the same 
concession at latitude 6°14'33’’ N.; longitude 0°18’46’" W. of Bogota. 
This well also started drilling in the Mesa formation. It was reported 
testing at the end of the year. 

Sociedad Nacional del Carare—The Sociedad Nacional del Carare 
holds a National concession about 35 km. southeast of Puerto Berrio, 
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Important Wildcats Drilled in 1939 
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where a test well, San Fernando No. 2, was drilled during the year to a 
depth of 9272 ft. Drilling of this well was started in the Real formation 
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Fic. 1.—APPLICATIONS FOR CONCESSIONS ON NATIONAL LANDS, 1931-1939. 


of the Miocene. ‘The well was being tested in the Eocene and Oligocene 
sands at the end of the year. The tests were negative and the well was 
scheduled for abandonment. 

Tropical Oil Co.—The Tropical completed 100 new wells on its De 
Mares concession during the year. These are C-zone completions but 


540 PETROLEUM DEVELOPMENTS IN COLOMBIA DURING 1939 


TaBLE 3.—Status of Applications 


we Company District Final Date eee 
Fig. 1 
AppLicaTIONS ACCEPTED IN 1939 BUT CONCESSIONS NOT YET GRANTED 
Date Accepted 
1 | Pedro Londono Saenz............ Rio Negro Dec. 15 49,959 
2, Manuel Oro ser serstete yu ek ae ters Rio La Miel Aug. 22 5,091 
3 | Giovanni Serventi............... Rio Nare Dec. 13 49,431 
4 | Francisco Laserno............+.. Rio Minero July 7 18,354 
5a Walliam Neilsonis.j. okt earls. Puerto Berrio | Aug. 17 45,006 
6 | Carlos Botero Mejia............. Puerto Berrio | May 9 39,537 
7 | Francisco Rocha Vargas Rio Carare Jan. 16 3,383 
Sa | Martins Lnoveseuch.cc ves aaetiieee Rio Ite Dec. 13 49,580 
9 | Carlos Arturo Torres Pinzon..... Rio Sogamoso | May 11 12,609 
10 | Hernando Salazar............... Puerto Wilches| Sept. 21 9,304 
11 | Compania de Petroleos del Valle 
deliMagdalenarym..aty sare seis Rio Cimitarra | March 30 32,880 
12 | Luis Alberto Villamizar Rio Simiti Aug. 8 22,995 
13 | William A. MacCarthy.......... Rio Paturia March 9 20,520 
14 | Hernando Franco............... Rio Lebrija July 25 48,970 
15 | Salvador Camacho Roldon....... Rio Simiti June 22 49,468 
16 | Compania Petrolera de Bogota. ..| Rio Cesar Dec. 7 47,853 
17.,| Rete Granger. suc 2e Yan els) ic Rio Cesar July 6 18,514 
18 | Compania Anglo-Colombiana de 
Potroleda io taiie es sce bhee sce os Rio Ariguani | Aug. 21 47,784 
19 | Compania de Petroleo La Estrella 
de Colombia y, -vaseeeuceme. 6 an Rio Ariguani | Dec. 6 48,568 
20 | Compania de Petroleo La Perla de 
Colombia Rio Ariguani | Aug. 22 49,985 
21 | Compania Anglo-Colombiana de 
Petroleos. (os niete ae Gee per: Rio Ariari Nov. 22 99,319 
22 | Richmond Petroleum Co......... Rio Guayabero| Aug. 18 100,000 
23 .| Antonio Jose Castro Borrero..... Rio Patia Nov. 25 16,540 
44 | Antonio Borda Carrizoba........ Rio Metica Novy. 15 99,938 
NatTIonaL Concrssions AWARDED 1931-1939 
Contracts terminated and areas returned to the Nation: Date 
Surrendered 
32 al L LOPIOAl Oils Congo a ose arent Rial Rio Sogamoso | Oct. 17, 1939 7,430 
(Putana) 
Contracts effective as of Dec. 31, 1939: Date Awarded 


33 | Bernardo Mora Concession (trans- 
ferred to Compania de Petroleo 
Shell de Colombia, Oct. 27, 1937).| Rio Ermitano | Sept. 28, 1937 50,000 
34 | Consorcia Minero Nacional Con- 
cession (transferred to Compania 
Colombiana de Petroleos El 
Condor, Mar. 3, 1988).......... Rio Ermitano | Feb. 22, 1938 44,258 


es 
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TABLE 3.—(Continued) 


Company District Final Date Area, 
Hectares 


35 | Sociedad Nacional del Carare 
(under joint exploration with 


EeropicaliOil Coy) scence Rio Carare Sept. 22, 1936 34,783 
36 | Compania de Petroleo Shell de 

Colombian arise entre cat, «te eon Rio Carare March 2, 1938 49,906 
37 | Compania Colombiana de Pet- 

roleos Hli@ondor ics... o.05 eee Rio Cimitarra | Sept. 15, 1938 47,810 
38 | Juan de Dios Gutierrez.......... Rio Cimitarra | May 23, 1939 16,927 
39 | Socony-Vacuum Oil Co. of Colom- 

Lei ain, Wats we aes ast Oe Rio Sogamoso | Aug. 30, 1939 27,040 


40 | Luciano Restrepo Concession 
(transferred to Socony-Vacuum 
Oil Co. of Colombia, Feb. 22, 
LOSS ies epee causes, ta ave sinee ica +3 Rio Sogamoso | Sept. 19, 1934 49,232 
41 | Compania de Petroleos del Carare.| Rio Lebrija March 8, 1938 49,636 
42 | Daniel A. del Rio Concession 
(transferred to Compania Pet- 
roleo de Bogotdé, June 2, 1939)...| Barranquilla | May 25, 1938 20,141 
43 | Compania de Petroleo Shell de 
Colombia tke. pease ak eke tte Rio Ariari Aug. 10, 1939 99,975 
44 | See above, 


APPLICATIONS ACCEPTED BEFORE 1939 pur Concrssions Not Yer GRANTED 


24 | Carlos de Narvaez............... La Dorada Dec. 5, 1938 36,015 
Q5eiJdamme GutierreZ.u.-6 . +20. ones Buenavista Dec. 5, 19388 49,199 
26) | Hvaristo Obregonic cs... cose Rio Ermitano | July 5, 1937 42,546 
27 | Mora & Palaez Hnos............ Rio Minera March 16, 1938 | 42,336 
28a| Prederick, Ro Ryan. .nccie 2. oo Rio Sogamoso | June 22, 1938 19,328 
29 | Sindicate de Inversiones, 8. A..... Rio Lebrija June 4, 1937 45,905 
380=| Roberto. Pena... 0... 262 cies cane Rio Sinu Oct. 5, 1938 44,954 
31 | Texas Petroleum Co............. Rio Upia Dec. 1, 1938 100,000 


six of them are also perforated in the B zone and are termed B-C pro- 
ducers. All the wells were located on the La Cira structure and all were 
producers. Their average initial production was 528 bbl. Production 
from the Infantas and La Cira fields totaled 22,374,151 bbl., of which 
287,505 bbl. was petroleum condensate added to crude. 


Petroleum Development in Cuba during 1939 


By Ropertr H. PaALtMER* 
(New York Meeting, February 1940) 


Bacuranao Field..—Bacuranao field is about 12 miles east of Havana, 
along the contact between Cretaceous sediments and a serpentine intru- 
sion. The zone lies within an extensive anticlinorium. The field had 
no developments during the year 1939. The production of 94% bbl. 
per day is distilled and the gasoline and kerosene are extracted. The 
asphalt residue is sold for road construction. The gas is compressed and 


TaBLE 1.—Oil and Gas Production in Cuba 


Area . Total Gas F 
Pedved! oo ee Peotuctiant Number a tag Gas 
Acres eons * |Millions Cu. Ft. 
ee Oa 
0 ring 
Field, Province Dis- Ba) ie | oe 
re cov- 'e 
3 ery : To End | During | To End) During 2g 
2 Oil {Gas of 1939 | 1939 | of 1939| 1930 (B_| B | B fesie |y 
z aS|\a|% |83/8. (3. 
—_ Se =) ° 
g go| 28 | 3 |84 se 3 & 
2 ie col SO Wa si 
1| Bacuranao, Habana............| 1915 | 55 | 0 | 155,000 3,487 O | 2) 10 hes 
2} Motembo,! Santa Clara........| 4 85 | 0 | 296,2591| 104,050! a | 2 (1421) 


» Footnotes to column heads and explanation of symbols are given on page 239. 
1 Production of Motembo Field is gasoline only. 

2No estimate. Gas used in shops and lighting. 

4 Known since about 1880. 


Oil-production| — Reservoir 


Deepest Zone 
Methods, End | Pressure, Lb, | Character of Producing Formation Tested to 
of 1939 per Sq. In. End of 1939 
Number of Depth, 
Wells Avg. Ft. : 
s oe 3 
4 Arti- | Initial Age |}. hs leg 3 3 ;| =, | Name] _ .; 
3 Flow- | ficial 2 BIE a= ae 3 ‘om 
< | ing | Lift 2 fee) sib a] 8 ag 
g A [8/88] of /82| & os 
a 6 ae | at la) a a 
| H,P}| x} 400) 1,200} x | MI | CreU | 2,300 
2 Ie z| 800) 1,200} x | 7 © 400 


8 Wells vary from 0 to 133 lb. per sq. in. 
5 Vary from 29 to 33. 

6 Vary from 59 to 61. 

7 Occurs in massive serpentine. 


Manuscript received at the office of the Institute Feb. 20, 1940. 
* Geologist, Cia, Petrolera Taina S. A. 


' Data furnished by Jose Gonzalez of Union Oil Co. 
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sold in cylinders. Gas pressure in the various wells is varied. For the 
most part the pressure is low. One well had an estimated initial pressure 
of 2000 lb. per sq. in. but it lasted only a short time. One well flowed 
for six months. 

Motembo Field.2—Motembo field is in the northwest corner of the 
Province of Santa Clara and is 105 miles east of Havana. Production 
comes from three areas, about 114 miles apart along a northwest-south- 
east line, on a large serpentine mass. The product occurs in fracture 
zones within the serpentine at depths of from 800 to 1200 ft. It is 
a colorless gasoline from 59 to 61 and in one case 68 Baumé, and is readily 
marketed without processing. To the end of the past year, 296,259 bbl. 
had been marketed at a price of from $8.20 to $10.50 per barrel. The 
deepest well drilled, 2400 ft., encountered only serpentine. 

Four of the wells have flowed, but most of them are pumped. Gas 
pressure is for the most part low, though pressures of 133 and 160 are 
known. There is sufficient gas to provide fuel for power, including 
lighting, pumping and the shops. 

Profits for the most part have come from flush production. Initial 
production has amounted to as much as 1500 bbl. per month. This 
continues for one to four months or more, then declines to a few barrels, 
therefore continuous drilling is necessary. 


TaBLE 2.—Summary of Drilling Operations in Cuba 


Important Wildcats Drilled in 1939 


gas shows 


rete Total Deepest 
Province ——_ | Depth, Aponte) Horizon Drilled by Remarks 
Ft. PEAS Tested 
Lat. Long. : 

1| Santa Clara, . . . | 22°28’ N.| 79°36’ W.| 4,034] Cretaceous Cretaceous | Atlantic Refining Co.| Dry 
2) Matanzas...... 22°45’ N.| 80°52’ W.| 6,020} Oligocene Cretaceous | Atlantic Refining Co.| Dry 
3) abana. ......- 29°54’ N.| 82°32’ W.| 5,270) Oligo-Miocene | Cretaceous | Shell Dry 
4| Habana........| 900 m.s. of 5270’ well | 10,035] Oligo-Miocene | Cretaceous | Shell Dry | : 
5) Habana........ 23°11’ N.| 82°11’ W.| 1,852} Miocene Cretaceous | Lloyd Brown Drilling, oil shows 
6| Pinar del Rio...| 22°52’ N.| 82°52’ W.| 2,034) Cretaceous Cretaceous | Carlos Cusachs Drilling, oil and 


ee eee 
ee ae 
In Proven Fields} Wildcats 


Number of wells drilling Dec. 31, 1939... .....--... 200s eee e reeset ee ese 
Number of oil wells completed during 1939.................-+-- 00 eepeereeees 
Number of gas wells completed during 1939..............+...0+-:0sesseeeees 
Number of dry holes completed during 1939................-05-0-seeeeeeeees 


Fe as ee ea a a ee 

2 Production data to end of 1935 furnished by Motembo Mining Co. and St. 

John Naphtha Co.; 1936 Production, Boletin de Minas No. 17; 1937-1939 Production 
and well data furnished by Ing. Ricardo E. Castillo. 


Petroleum and Gas in Ecuador 


By E. Escopar Patuares,* Memper A.I.M.E. 


TABLE 1.—Oil and Gas Production in Ecuador 


» Footnotes to column heads and explanation of symbols are given on page 239 


1 H.C.T. means the deep zone for High Cold Test crude oil. L.C.T. means the 


They occur in the same area, 


Total Gas ; 
Area Total Oil Produc- | Production, | Number of Oil and/or Gas 
pang tion, Bbl, Millions Wells 
Acres 
Field, Santa Elena County, grow End of 1939 
Province of Guayas 
> 
a ; To End of| During | & 
5 | Oil [Gash “i939 | 1989 | = | @ |28 ~ |2E 
g F S | 3 BEB] 2 leale [2 
o ~~ oS] & iS} So Is 
Z al a 2 lool] 8 lesls. lee 
g g e | 5 Gala | 4 |galesiec 
a 2 &. | A OF) G.\i4 del 
fs Od be ee aan | 19 0 y | 1,822,222) 20,222 y| 188) 6 2) 14 |.172) 0 
SpAnoomy TCTs. kaa 19 vy} 0 y| ‘3exz2z|  y|. yj 3611171 50} 0| ail) 0 
12,000 20,703,189 | 2,173,555) 20,rrz| 2,267) 549) 23 52] 14 | 483) 0 
2| Cautivo-Achallan............. 17 | 2,rax} 0 494,694 62,552) . zr z| 172} 14] 96) O| 76) 0 
3| Carolina and Santa Paula?.... . y | 2,000} 0 534,5292 36,017 0 0} 55) 6] 43) OF 12) 0 
4) Concepcion............... 9 y| 0 83,762 15,397 0 0} 12) 6 1]; 2 9} 0 
SER Tambo. vcastesv.. can 8 z| 0 8,760 1,222 0 0 6| 0 0| 0 6; 0 
6| Mina Tigre............. 2 y| 0 65,622 65,622 0 0 rial 4, 0 3} 0 
Total eset. ceo dnance 6 21,890,556 | 2,354,365 801) 50 | 196] 16 | 589) 0 


+ : Reservoir 
Oil-production | pressure, | Character ‘ : Deepest Zone Tested 
Methods, End| [pS Ser’ | of Ol Producing Formation to End of 1939 
q. In. 
Number of Depth, 
Wells Avg. Ft. 
23 ! 
& or 8 N 
3 sg ae Name _ | Age* ( ame i 
| » | a Hele Sl ak a3\z 3|az| 4 ‘si 
att a a 28 [Bat 8) 20 Bike a Bult é 
s| £ | 28 | 2 es lbe eee B | s8| $2) 32] 5 : 
| & G1 ll ea) Sle | at) 25) a 
1} 35 137 vy | 1,050) 40 0 | Atlanta Eoc | §| Fis | 3,500} 6,000) 2,500} AF | San José sandstone] 8,053 
0 311 y | azz] 36 y | Socorro Eoc | 8} Por| 1,200} 1,800} 600) y 
35 448 
2 1 75 | 200 | 200) 29 v prea Eoc | S| Fis | 700) 1,200} 300) y eae 1,295 
3 3 9 145 | 145] 29 y | Socorro(?)| Eoc | S| Fis} 632] 836] 200} y | Socorro(?) 1,506 
4 2 7 v y| 38 y | Atlanta Eoc | 8} Fis v y v| y | Atlanta 3,570 
5 0 6 2 z| 34 y | Socorro Eoc|8|Por| 922} 1,arx y Socorro 1,300 
6 2 1 800 800} 39 y | Atlanta Eoc | 8| Fis | 2,980) 3,993 y| AF | Atlanta 3,993 


shallow zone for Low Cold Test crude oil. 


2 In the same area there are many shallow pits and some wells, In the column showing total oil production to the end 
of 1939 are included 355,997 bbl. from shallow pits before 1939. During the last year there was no production from shallow 


pits. 


Manuscript received at the office of the Institute March 11, 1940. 
* Civil Engineer, General Inspection of Mines, Petroleum Zone, La Libertad, 


Ecuador. 
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Petroleum in India and Burma in 1938 
(New York Meeting, February 1940) 


THE separate outputs of Burma and India in 1937 were 274,664,365 
gal. valued at £4,474,147 and 75,657,857 gal. valued at £1,030,591, 
respectively. The corresponding figures for the year 1938 were 263,823,- 
265 gal. valued at £3,766,810 and 87,082,371 gal. valued at £1,234,563, 
respectively, which is a slight increase in total quantities but a fall in 
value for the combined outputs of Burma and India. The appreciable 


TaBLE 1.—Quantity and Value of Petroleum Produced in India and Burma 


January to 
Year 1937 Year 1938 September 
1939 
Fields 
Quantity, Value, Quantity, Value, Quantity, 
Gal. Pounds Gal. Pounds Gal. 
India: 
Assam—Digboi...........-.-- 65,718,437| £ 843,760 65,968,951| £ 840,656) 35,392,561 
Punjab—Attock...........+.4: 9,939,420 186,831 21,113,420 393,907| 22,759,840 
Daher tease iis cha ay 9 usb 75,657,857| 1,030,591 87,082,371| 1,234,563) 58,152,401 
Burma: 
UGE dove od otc reine oe coos 12,437 11,189 
VARTA UR Gon rue Finis w susianies a ates ed 3,418,311 2,929,940 
SETI es store viene aia wielars spele, cvs ersinly 119,858,608 120,769,811 
Ph aiy Ct yO'a Jaan ole ol sie s'e foes 4 ahs 2,001,180] ) 4,474,1472| — 2,'712,800} 7 3,766,810| 199,523,036 
Upper Chindwin.........-.+.-. 2,502,140 2,359,568 
Yenangyat (including Lanywat) 25,067,655 22,022,443 
ViGHIGN PV ONUL te -Lsis a alefelsie'c aya os 121,804,034 113,017,514 
GUE L Ciie Fiaie sie ca Fie ein aire ee sie 274,664,365| 4,474,147 | 263,823,265| 3,766,810 199,523,036 


« Estimated. 


increase from India in 1938 is due to an increase of over 11 million gallons 
from Attock and a little from Digboi, while the decrease from Burma is 
due to a fall of nearly 9 million gallons from Yenangyaung, over 3 million 
gallons from Yenangyat (and Lanywa) and half a million gallons from 
Minbu (Table 1). 

The amount of gasoline produced from natural gas during the year 
1938 was 10,587,291 gal. in Burma and 496,163 gal. in the Punjab. 


Material taken from the Review of the Mineral Industry of India and Burma 
during 1938, by permission of the Director of the Geological Survey of India. (Few 
figures for the year 1939 are yet available.) Manuscript received at the office of the 
Institute Feb. 14, 1940. 
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BURMA 


The total production in Burma during 1938 was less than in the previ- 
ous year, but the resources of the field as a whole are sufficient to ensure an 
adequate supply of oil for many years. At the end of 1938 there were 
2905 wells producing in the field. Besides a large number of wells drilled 
to shallow sands, this total includes 195 hand-dug wells, whose continued 
existence is one of the interesting features of the field. 

No important discoveries of new producing horizons were made 


during the year. Satisfactory results continue to be obtained from gas _ 


drives in the leased blocks; in addition to gas drives, gas is also injected 
with the object of repressuring and storage. Casing policies continue to 
be carefully designed to protect the oil sands against the danger of flooding 
by water and, in general, production methods throughout the field are 
characterized by a realization of the importance of the conservation of oil 
and gas and the prevention of waste, whether simple or underground. 

Singu.—In 1938 the increase in the output from the Singu field was 
continued. This increased production was due not only to the rapid 
development of the valuable area in the southern part of the field but 
also to the successful results obtained from the first wells to produce from 
behind the practically completed river training wall of the Burmah Oil 
Co. At the end of the year 562 wells were producing, as compared with 
568 in December 1937. In addition, a number of wells remained cemented 
above productive sands. These wells can be drilled into productive 
sands in a very short time and the total field production substan- 
tially increased. 

No radical change has been made in production methods. The funda- 
mental principle underlying the policy of the major operating company at 
Singu is to make adjustments at each well to attain a maximum oil 
recovery with a minimum production of gas. Wells with high gas-oil 
ratios are shut in, and the casinghead gas remaining after the satisfaction 
of the field requirements is returned to dry gas sands for storage, or to 


certain areas for repressuring purposes. The repressuring operations of. 


the British Burmah Petroleum Co., Ltd., continued to give satisfactory 
results. The dry gas produced from the new gasoline-extraction plant is 
used either in connection with these schemes or as fuel. 

Continuous gas lift on some wells producing from lower division sands 
and gas-displacement pumping on wells producing from upper division 
sands were continued on a small scale, but production from the great 
majority of the wells in the field was obtained by ordinary pump- 
ing methods. 

Yenangyat.—Although, during 1938, active development continued 
at Yenangyat, the results obtained were somewhat disappointing and a 
decline in the total production from the Pakokku district, excluding 


a 


ee 
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Lanywa, was reported. Production from the Lanywa field during 1938 
was about the same as in 1937. The successful application of directional 
drilling methods in order to tap the known oil sands beneath the Irra- 
waddy River has greatly improved the prospects of the Lanywa field. 
Back pressures are maintained on nearly all the wells in this model field, 
which is operated by the Indo-Burma Petroleum Co., Ltd. While a 
number of wells are pumped from a central power, the majority have 
individual pumping motors. The gasoline plant was operated through- 
out the year and gave a satisfactory yield. 

Minbu.—In the Minbu district, 318 wells were producing at the close 
of the year, but apart from routine operations there had been little 
activity in the district. 

There was a slight decrease during 1938 in the total production from 
the Indaw field. All producing wells except four at the northern end 
of the field were successfully operated by the automatic gas-lift system. 

Thayetmyo.—In the Thayetmyo district, while production decreased 
slightly in the Padaukpin field, that of the Yenanma field showed a further 
considerable increase. An extension of the known producing area was 
proved in this field. The supply of natural gas from the Pyaye field 
for use as fuel in the Burma Cement Company’s factory was maintained 
during 1938. 

Kyaukpyu.—The output from Kyaukpyu remained at its usual 
low level. 


INDIA 


Assam.—In Assam output of the Digboi field increased slightly. 
Shallow drilling has been done in the Kharjam mining lease to investigate 
the structure in the wide area where the rocks are hidden beneath the 
alluvium, and drilling to test the prospects of obtaining oil in the Namdang 
mining lease is in progress. Preparations are advanced for borings to 
obtain geological information from beneath the alluvium gravels in the 
Namphuk prospecting license area. 

Geophysical and geological work has been done in the area covered 
by the Tiru Hills prospecting license, and information boring will be 
necessary before the prospects of finding oil at depth can be evaluated. 
Geophysical surveying, both gravity and seismic methods, has been 
carried out over a large portion of the Assam Valley, in an attempt to 
discover whether any structure suitable for the concentration and reten- 
tion of oil occurs hidden below the blanket of alluvium that occupies this 
valley. This work was still in progress at the end of the year. 

In the Surma Valley there was no production. The seismic work at 
Masimpur gave no help in elucidating the structural complications, and 
core drilling was started to obtain geological information from con- 
siderable depth. One of the core holes has since reached objective at 
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5000 ft. A further large program of shallow information boring to trace 
the rock boundaries obscured by alluvium, and thus further to elucidate 
the details of the structure, was initiated during the year and is 
in progress, 

Geological mapping was done in the Olahtaung concession on the 
Arakan Coast, and in the area covered by the Sylhet prospecting license; 


TaBLE 2.—Imports of Kerosene Oil into India 


Year 1937 Year 1938 
From SS 1 te ee 

Quantity, Gal. | Value, Pounds} Quantity, Gal. | Value, Pounds 

OBR Pit a ooecn news one eta ae 27,377,419 | £ 686,405 3,629,596 | £ 87,467 
Wraris $b aber Teh. arketete pranre 8,218,665 227,595 26,507,700 680,955 
BUT 85 eghct Gs: atate tutes ets 93,466,680 2,840,037 | 126,671,677 3,560,009 
PUTAAETS) « Getete ac ates solotedel eres teatks 27,955,437 647,049 8,264,220 242,802 
Borneo (Duteh) oy... cis 6 ele 10,892,243 283,000 
US SiAS: age ences 3,011,333 48,904 1,006,940 21,387 
Other countries............. 2,815,014 66,712 11,472,364 282,156 
Lotsa acsteps is ayettes. aan eters ace 162,844,548 4,516,702 | 188,444,740 5,157,776 


TaBLE 3,—Imports of Fuel Oil into India 


Year 1937 Year 1938 


From po 2 Re ee ol 

Quantity, Gal. | Value, Pounds} Quantity, Gal. | Value, Pounds 

TRS SSR RS he oa oe eee, 2,381,494 40,348 
Trani sess he thcuee oo eee 97,611,519 963,679 | 98,724,439 910,726 
Burma cicants il hee amet ae 1,099,122 23,490 2,439,328 58,469 
Straits Settlements.......... 10,108,149 117,851 1,749,983 23,338 
Borneo (British).............| 18,050,640 200,593 | 13,445,351 188,798 
Borneo (Netherlands)........ 5,426,441 73,762 12,382,155 174,328 
Other countries............. 513,185 8,440 4,094,020 53,277 
LOtaLtuhen ovcust ieee 127,809,056 | 1,387,815 | 135,216,770 | 1,449,284 


«From April 1, 1937. 


and an air survey of Tripura State has been made preparatory to detailed 
geological work on the ground. 

In the Sitakund concession preparations had been completed to under- 
take an extensive program of shallow drilling to obtain geological infor- 
mation regarding the structure of the western flank, and at the end of the 
year drilling was about to start. 

The Punjab.—In the Punjab the Attock Oil Co. Ltd. operated the 
Khaur and Dhulian fields and also made tests at Ganda Kas and Jhatia 
out fields. 
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In the Khaur field the deep test referred to in last year’s report was a 
disappointment—producing 4% bbl. only of oil daily along with a consider- 
able quantity of water. This, it appears, will continue for some time 
to come. 

No further drilling was undertaken at this field and production was 
restricted by producing only from wells where conditions are unsuitable 
for closing down. 

In the Dhulian field developments have continued to be satisfactory. 
The two wells reported as producing 480 and 640 bbl. of oil per day, 
respectively, were mudded off pending the erection of the new refinery. 
Two more wells were drilled into the 7500 to 7700-ft. horizon and gave 


TaBLe 4.—Exzports of Paraffin Wax from India 


Year 1937 Year 1938 
To 
Quantity, Value, Quantity, Value, 
Tons Pounds Tons Pounds 

imiteds Kingdoms: cient. 2 weitere 9,422 £315,840 3,994 £142,563 
(Cyrene SOS ae ue ane nee 887 23,160 
INetherlamasierc gees st ee oe se ets 994 31,451 155 5,668 
LST ona: a > Say Aas BOM Cet bate 974 30,870 240 8,776 
iy gte on, Se cid coke eo cea moe oe: 860 27,166 
(CUTIES S a8 Oy OO here eee yee ce eld 52,333 800 20,896 
Union of South: Africa............<. 1,903 54,858 695 18,153 
Portuguese East Africa............. 2,085 60,493 2,098 54,784 
(OENTING GR: aig Serene oO naman icy oesaers 835 26,368 
HUME SARA eA coin crater stivlcnoreccarerelownsierereree 755 24,105 25 914 
MRSA Gates Se hors Ot RemOcerS 2,409 89,066 400 14,627 
(WolOMiblArenus alsa: ee ear aaaes 1,254 39,588 
Cintas 3 ee ess heron te aos 650 20,526 
Sonera iy che Gale ale wechcle rele o aici ont 127 4,011 
UME COUT UTICS ine eesatiene eneisya cee natok: 1,294 43,036 14 358 

Bayt, 0. cere etn easter, eae aa ire 25,673 819,711 9,308 289,899 


initial production of 2200 and 3000 bbl. daily, respectively. Both these 
wells were beaned down to an aggregate of about 1700 bbl. daily, partly 
to suit refinery requirements and storage facilities and partly in the inter- 
ests of economical recovery of production. Three other wells were drilled 
and cemented above the main oil horizon, and another development well 
has been stopped temporarily at 6470 feet. 

At Ganda Kas, about 30 miles northwest of Khaur, a test well was 
carried down to 1775 ft. but was abandoned because of structural com- 
plications. Drilling operations on a second test well are in progress. 

A test well at Jhatla, about 30 miles south of Khaur, was drilled and 
carried down to 3758 ft. at the end of the year. It is being deepened 
and may be taken down to 7000 ft. or deeper. 


Petroleum and Gas in Iran during 1939 
(New York Meeting, February 1940) 


Masjid-i-Sulaiman.—There have been no new developments in the 
Masjid-i-Sulaiman field during the year. Drilling, deepening and acidiz- 


ing operations for maintenance of production have continued normally. - 


Reservoir conditions have been unchanged, the rate of fall of dome 
pressure remaining very low—at about 0.4 lb. per sq. in. per million tons 
net production. Drilling on the Lali structure northwest of Masjid-i- 
Sulaiman has continued but oil has not been encountered in commer- 
cial quantities. 

Haft Kel——The progressive drilling program extending the produc- 
tion capacity of the Haft Kel field was completed early in the year and 
the field is now on a routine maintenance basis. Drilling has continued 
on the white-oil springs structure northwest of Haft Kel. 


TaBLE 1.—Production of Crude Oil in Iran in 1939 
To Nearest 10,000 Barres 


Masjid-i-Sulaiman¢ Haft Kel Total 


Tons Barrels Tons Barrels Tons Barrels 


3,463,587 26,670,000 | 6,626,193 50,360,000 | 10,089,780 | 77,030,000 
+ Net production; i.e., excluding products recycled to reservoir. 


Naft-i-Shah.—No developments of interest have occurred in Naft-i- 
Shah field. Offtake is for local markets only. A further large producer 
was completed during the year. 

Gach Saran.—By the end of 1939, work on plant and pipe lines to put 
the field on a production basis was approaching completion. Two 
substantial producers were also drilled in the initial production area. 

Pazanun and Agha Jari.—No further drilling was carried out on the 
Pazanun structure during the year, gas only having been obtained to 
depths exceeding 8000 ft. On the adjacent Agha Jari structure, how- 
ever, a second satisfactory oil producer was completed. 


Received through the courtesy of the Anglo-Iranian Oil Co., Ltd., London, 


England. Summarized at meeting; manuscript received at the office of the Institute 
March 18, 1940. 
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Petroleum Development in Mexico during 1939 


By T. R. Armstrone* 
(New York Meeting, February 1940) 


During the year 1939, Mexican production totaled 42,479,000 bbl.; 
a daily average of 116,381 bbl. or a little over 2 per cent of the estimated 
world production. The Mexican Government operates 100 per cent of 
the refining branch of the industry, 100 per cent of the domestic dis- 
tribution, 96 per cent of the crude production and 92 per cent of the 
total exports. 

No discussion of the Mexican petroleum industry in 1939 is adequate 
without reference to the ‘“‘expropriation”’ of the foreign-owned oil prop- 
erties in Mexico by executive fiat on March 18, 1938. 

The forcible seizing of the properties culminated a long series of 
efforts on the part of the Mexican Government to obtain control of the 
oil properties developed through foreign initiative and with foreign 
capital in Mexico. 

The heart of the issue is whether the Mexican nation or any nation 
may with impunity confiscate the legally acquired properties of American 
citizens. The Department of State of our Government has in its com- 
munications to Mexico emphasized the fact that its “expropriation” of 
American properties was confiscatory because Mexico had failed to make 
‘adequate, effective and prompt compensation”’; that the taking was no 
less confiscatory ‘‘because there may be an expressed intent to pay at 
some time in the future,’”’ and that, consequently, ‘‘ Mexico has assumed 
and continues to assume to exercise a right without compliance with the 
condition necessary to give such exercise a recognizable status of legality.” 

Mexico has professed its willingness to pay for the oil properties but 
at the same time through its Supreme Court it has declared that the 
owners or lessees do not have the exclusive right to extract and dispose of 
the oil in the subsoil. This is a reversal of the Mexican position with 
respect to oil as set forth in the Mexican mining laws, affirmed by Mexican 
Supreme Court decisions, and as clarified in the Warren-Payne and the 
Morrow-Calles agreements, as well as in diplomatic correspondence. 


Errorts TO SETTLE THE CONTROVERSY 


Responding to suggestions from the State Department, representa- 
tives of the principal oil companies undertook in 1939 to effect a direct 


Manuscript received at the office of the Institute Feb. 20, 1940. 
* Standard Oil Co. (N. J.), New York, N. We 
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settlement of the controversy through private negotiations with the 
Mexican Government. In their efforts to find a solution to the problems 
created by Mexico’s forcible seizure of their properties, the managers of 
the foreign-owned oil companies on Jan. 26, 1939, suggested to the State 
Department as a basis for settlement that if the properties were returned 
they would be willing to work out with Mexico a long-term contract by 
which the interests of the workers, of the Mexican Government, and of 
the companies’ stockholders would be protected, and at the end of the 
term the properties would be turned over to the Mexican Government 


free and clear of all claims of the companies. The companies’ representa- - 


tive and President Cardenas considered the proposals in several confer- 
ences, which unfortunately proved fruitless. 

- The companies had made plain both prior to and after the private 
negotiations that they were willing to submit the issues of the legality of 
the expropriation decree and the validity of the seizures to an impartial 
Arbitration Board. 

As a result of the breakdown of direct negotiations and following a 
decision of the Mexican Supreme Court of Dec. 2, 1939, which closed all 
further opportunities for a fair settlement at the hands of the Mexican 
Government, the companies found themselves at the end of 1939 relying 
on the State Department for assistance in bringing about an equitable 
settlement. 

The American companies contend that the decision of the Mexican 
Supreme Court, which arbitrarily deprives the companies of the major 
portion of the value of their properties, constitutes a denial of justice 
which warrants diplomatic interposition. Under the circumstances, the 
State Department alone is in a position to insure a fair settlement of the 
dispute. 


PRODUCTION UNDER MExICcCAN CONTROL 


As previously stated, Mexican production for the year 1939 is esti- 


mated at 42,479,000 bbl. This was divided by areas as shown in Table 1. 
Of the 1146 producing wells in Mexico 659 are in the Northern district, 


262 in the Southern, 25 in Poza Rica and 200 in the Isthmus. Poza 
Rica, with 2 per cent of the producing wells, produced 61 per cent of the 
total production; Northern district, with 57 per cent of the wells, produced 
13 per cent of the production; Southern district, with 23 per cent of the 
wells, produced 11 per cent; Isthmus area, with 18 per cent of the wells, 
produced 15 per cent of the production. 

That the Mexican Government has found more difficulties than it 
expected in operating the seized oil properties is apparent from the con- 
tents of a memorandum by the General Director of the Mexican Govern- 
ment Oil Co., prepared after 15 months of government operation of the 
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foreign-owned oil properties, in which he showed that the number of 
workers in the petroleum industry at the time of the seizure was 15,895 
and a year later had jumped to 19,316, and the monthly disbursements 
had increased from Pesos 4,273,217 to Pesos 6,500,000. He also brought 
out the fact that it had been impossible to carry into effect completely 
the decision of the Federal Labor Board of Dec. 18, 1937—which decision 
the oil companies had opposed on the ground that it was impossible 
to comply with its terms. 


TaB.Le 1.—Mezican Oil Production by Areas 


BARRELS 
Year 
Field Apiel torind 
1937 1938 1939 

Northern (11°-14°A.P.I.) ....| 9,806,000 5,344,000 5,508,000 746,013,000 
Southern (20°-24°A.P.I.) ....| 8,292,000 4,230,000 4,652,000 | 1,024,000,000 
Poza Rica (30°-32°A.P.I.) ...| 18,634,000 | 22,021,000 | 26,072,000 95,831,000 
Isthmus (23°-33°A.P.I.) ..... 9,958,000 6,684,000 6,247,000 105,649,000 

“TBEOR CET | deseht conn, capa ir oeRLaenee 46,690,000 | 38,279,000 | 42,479,000 1,971,493,000 

Wailved VeTASes erate ius oes 127,919 104,875 116,381 


ee ee eee eee ee EERE 


A further indication of the unsatisfactory progress of the oil industry 
under government management is to be found in the address of President 
Cardenas to the representatives of the Petroleum Workers Syndicate 
calling for a reduction of 5000 employees and for lowering of the salaries 
of the higher paid employees. The President also indicated that it 
would be necessary to withdraw some of the benefits and allowances in 
the form of housing or the equivalent for housing rent which the oil 
companies had formerly given. The President also pointed out that the 
labor unions’ demands for the unionization of higher employees was 
not practical. 

These points are pertinent primarily because they tend to bear out 
the contention of the oil companies that the original demands of the 
Mexican Government prior to the seizure of the properties were not only 
unreasonable, but could not be carried out without serious damage to 
the industry. . 

Daily average crude production was gradually increased from 90,400 
bbl. per day in January to 147,000 bbl. per day in September and October | 
but had to be reduced to 118,000 in November and to an estimated 95,000 
in December, owing to storage congestion. These figures may be com- 
pared with production prior to March 18, 1938, of 128,000 bbl. per day 
for the year 1937 and 143,400 bbl. per day for the month of February 
1938. 
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Twenty-four wells were completed in Mexico during 1939 as compared 
to 34 completions in 1938 and 57 in 1937. With one exception, a wildcat 
completed as a dry hole by the Mexican Gulf in Maguey, San Luis Potosi, 
all wells were drilled in proven territory, most of them by the Government 
on locations previously made by the companies. Results were 14 
producers and 10 failures. 

Northern District (Panuco or Heavy Crude).—In the Northern district, 
3 producers and 5 failures were completed in 1939, as compared with 
5 producers and 11 failures in 1938. These producers are estimated to 


total an initial production of 2300 bbl. per day, but as the field as a 


whole has been produced at only about 50 per cent of the potential for 
the year, this new production was not required. 

Southern District (Golden Lane—Light Crude).—No wells were drilled 
in the Southern district during 1939. Production averaged about 50 
per cent of potential for the year. 

The Mexican Gulf completed No. 1 Maguey in the Tempoal Valley, 
west of the Southern district, as a dry hole at 8076 ft. A good show of 
light oil was encountered around 3850 ft. but the Government ignored a 
request for an extension of the drilling permit to allow testing and the 
company was forced to abandon the well. 

Poza Rica (Light Crude).—Seven wells were completed in Poza Rica. 
Results were five producers with an estimated total initial production 
of 22,500 bbl. per day and two failures—one a dry hole drilled in Potrero y 
Ojital adjoining Poza Rica to the south and the other a ‘‘junked”’ hole 
drilled by the Government on the crest of the Poza Rica structure. 


TABLE 2.—Oil and Gas Production in Republic of Mexico 


Area 
Proved, | Total Oil Production, Bbl. 
Acres 
Year 
Field me. 
covery 
< To End of During - 
i _ 1939 19391 
4 
o 
=| 
el 
Ll Northen district: sca <watiauiasenimstupititewe cate man, onan 1901 | 400,000 746,013,000} 5,508,000 
DiSOUGhsry cisuhiGks 5 ocak, ha coe aie tasty ee oNS cea naa 1910 21,500 | 1,024,000,000| 4,652,000 
3})Pose, Rita district. joksicenre nile wey am aaarattaedus acca ae eRe: 1930 | 13,300 95,831,000} 23,072,000 
4) Tathmus, of Lehusntepesys .csccan naa t ccs anscnb sah ce cetera 1909 10,000y 105, 649 ae 6. 247,000 
5 (Northern) Meéxiod o: ecb) caciea d cedure wads halt hotan eee 1931 5,000y 
GE OUBL ach eee e he ea ree Canavan sees bree Mena ee aE te ee 449,800, 1,971,493,000 42,479,000 


1 December 1939 estimated. 


Production in the area was increased from 55,000 bbl. per day in 
January to 89,600 by October, dropped to 75,000 bbl. per day in Novem- 
ber and to an estimated 55,000in December. With the 1939 completions, 


ee 


T. R. ARMSTRONG DOD 


potential production of Poza Rica is estimated at a minimum of 100,000 
bbl. per day. 

Isthmus of Tehuantepec (Light Crude)—Eight wells were completed 
in the Isthmus, all in the proved area of El Plan dome. Two failures 
and six producers resulted, the latter with a total initial production of 
about 2500 bbl. per day. 

Produced at 21,000 bbl. per day in January, the Isthmus production 
averaged 16,000 to 17,000 bbl. per day during the last half of the year. 
Although never flowed to capacity by the Aguila, the present operators 
cannot produce sufficient crude for the requirements of the Isthmus 
Minatitlan refinery and take in Poza Rica crude by tanker to make up 
the deficiency. 

Northeastern Mexico (Only Gas Produced to Date).—No wells were 
- completed in northeastern Mexico during 1939. A deep test for oil 
-on La Presa anticline near Mier, Tamaulipas, is in progress by the 

Ohio-Mex, and one other well for gas production is being drilled on the 
adjacent La Lajitas structure. Activities in general, however, have 
been suspended since March 18, 1938. 

The export picture (Table 4) shows an increase of light crude exports 
from 5 per cent of the total exports in 1937 to 43 per cent of the total 
exports in 1939—while Mexican refining capacity remains unchanged. 
This reflects a direct economic loss to Mexico. 

Exports to Germany accounted for 33.3 per cent of the total exports 
during 1939 (Table 5). The major portion of these shipments were made 
on a basis of 40 per cent cash, 60 per cent barter. The outbreak of the 


TABLE 2.—(Continued) 


Total Oil-produc- 

Pre ion Char- ; : 

Scien Number of Oil and/or Gas Wells | Methods, | acter of Producing Formation 

y 
Millions Sie Oil 
Cu. Ft. 
During Number of 
1939 End of 1939 Wells aoe 
fe z Pee * 
Lay 60° F.; ame 
Z BS || eles se |e Weighted Ae ea ee 
E} 2 3 8\£q) 8 a wo la sO SS 5 
5| Be |Sa 21s S ‘S 3 oo |-8 | Average S| #2 2 
@ aaa! 2) 8 1/28) ce 62] & |\se Set €| 2 S 

g| = |fes| 2 | 8 84] 25 (Es) 2 [ES Bais |e 
3) 82 (8253/5 / So |82| £°o Eo] & iar = isle | 
1 1,617) 3 659y 659y| 0 | 11-14 | Tamasopa limestone | CreM L AF? 
2 { 586] 0. i if 262y 262y| 0 | 20-24 | Elabra limestone CreM L | Cav y| AF 
3 y 29; 5| y| 4 25 25 | 0 | 30-32 |'Tam-Abra limestone |CreM_ | L | Pory AA 
4 y 352} 6) yy} y | 200y 200y| 0 | 23-33 | Sands Olig-Mio | § | Por y DS 
5 y OO a 0 | 12y| 12y) 0 Sands Olig-Mio| § | Pory| A 
6 2,596) 14 1,146y| 12y| 1,158y 


¢ Footnotes to column heads and explanation of symbols are given on page 239. 
2 Producing from fractures in nonporous Cretaceous limestone. 

3 Producing from porous (reef phase) Cretaceous limestone. 

4 Producing from porous zone 500 ft. + below top of Mid Cretaceous. 

& Producing chiefly from Miocene with some Oligocene sands. 
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Tasty 3.—Summary of Drilling Operations in Republic of Mexico 


Important Wildcats Drilled in 1939 


Fotal | Surface Deepest : 
Location Depth, | Forma- Horizon Drilled by Remarks 
Ft j tion Tested 


1| Lot 5, Hacienda Maguey, Municipality of Tampacan, | 8,076 | Tertiary | Bottom 166 ft. | Mexican Gulf | Dry hole* 
State of San Luis) Potosi sc fecsw cies Chas tienes in Jurassic 


In Proven Fields | Wildcats 


Number of wells drilling Dec. 31, 1939. ..............cceeeeeeecce ee eeeeees 8 0 
Number of oil wells completed during 1939...............00eeceeeeeeeeeeeee 14 0 
Number of gas wells completed during 1939..............-2002000-ceeeeeeee 0 0 
Number of dry holes completed during 1939..............0. 200 cceeeeeeeees 9 1 


* Gas blowout with 20-25 bbl. per day of 44° oil encountered at 3851 to 3859 ft. After waiting 3 months for permit to go 
back and test show (Government took no action) company abandoned hole. 


war in Europe on Sept. 3 prohibited shipments to Germany and pre- 
vented delivery to Mexico of that portion of the German barter material 
still due in exchange for petroleum. 

Exports to Italy are on a straight barter basis—oil for Italian-built 
tankers (to be delivered to Mexico in 1940) and rayon. The rayon is 
sold for cash in the Mexican market, to manufacturers of artificial 
silk textiles. 


TaBLeE 4.—Exports of Petroleum Crudes and Products from Mexico 
(Including Ship’s Bunkers) 


THOUSANDS OF BARRELS 


Year 
Classification 
1937 1938 1939 

Norther crude: (Panuco) mamas vot) Acca ie oie 5,887 1,503 4,227 
Houthern:, erudes’: iavsace Mears ee La a oe. 395 87 241. 
POZAUIMOS CLUd6, sah ilecic Re Beiga Hee Ne eee 874 3,025 7,071 
ESthmusGrUde seis side ania a sed mere rat ae 62 803 
BNIEL OU Ma site oh, fe We aia a th ake Pood EME hte aie Re 5,663 2,473 2,922 
TASH OM MPa ais lk oh Rectad pred ats Mee ee ee ae ee ee 3,234 3,109 1,783 
GRABOLITNIG 3s «tri Ssace Spe Cin uel eai eek dae Sink oe 4,388 2,775 1,488 
TROYORGN Geri cis iv vin cetacean el ek eee 688 241 42 
LUD PIGANTE we eitastitenoni alas we tiae erotics TP ove eee 400 88 2 
ASD OALERE ef ide. ait. ORRIN eh Pract ER, acl 3,049 1,000 481 

LOUAM RG. Pais SHON si Sab or ale ee ee ee 24,578 | 14,3863 | 19,060 


Exports to the United States (Table 5) include 3,687,000 bbl. shipped to 
the Eastern States refinery in Texas to be processed and reexported. 
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Tasie 5.—Destination of Petroleum Exports from Mexico 
THOUSANDS OF BARRELS 


oT... 0 


Year 
Destination 1937 19384 1939 
Exports | Per Cent| Exports | Per Cent| Exports | Per Cent 

ENTOGIS EADS S toler OPT HRS omIE OMe 705 2.9 161 aa 123 0.6 

BELO eet, wioPodisireseg «4 res 610 2.5 808 baat} 23 0.1 

Sra zilieeteety tec tk shennan wpe ese ee 419 leit 48 0.3 126 0.7 

Whalerere ne ote eck aes 213 0.9 5 54 0.3 

(CRIME, el S A eae ee ce Eee 485 2.0 292 2.0 

Dutch West Indies.......... 4,299 17.5 1,097 7.6 

ela lige eae ce eece cee ese the 5,411 22.0 1,857 12.9 19 (Heal 
PLLC OM rains 5 tsidtarcie pete ws ure 156 0.6 243 Le, 16 0.1 

(Crear Ty Sot Clon aoe araatie 2,521 10.3 5,408 30.0 6,343 Sono! 

(Guatemalasges «<pilokie ics «ee 13h 0.5 1 

TE cil Voeretetete cheer oiep ates nyosolemeden set ssy = 186 0.8 350 2.5 4,790 25). 

[ISSUERS & S.g Clg sen pr GSRCrOe 7 233 1.6 188 1 

SCANCINGVIA.0mk oa > fede os «ts. 352 1.4 365 2.6 398 2.1 

Souths Atrica. on aassnsd} = oct: 162 ONG 

United States... A.sds.065.- 6,856 27.8 2,683 aR / 5,456 28 .6° 

WU GUS endo ci: ona thelels «<= 70 0.3 69 0.5 226 1.2 

(QUENCES ts Regs ete # CeCe) Onn, OASRORCRO ie 488 2.0 265 1.9 308 1.6 

PPSTUILISCTS smc sete tale tateWeret slistie oad 1,514 6.1 478 3.3 990 5.2 

BLO Dal eeah ee ieie teens elds Pal glt 24,578 | 100.0 | 14,363 100.0 | 19,060 


2 Jan. 1 to March 18 under company management. Seized properties operated 
by Mexican Government after March 18. 
> Exports to Germany for 8-month period. No shipments after Sept. 1 because of 


English-French blockade. 
¢ Includes 3,687,000 bbl. shipped in bond to Eastern States refinery at Houston, 


Texas, for re-export. 


. 


Mexico imported 106,000 bbl. of gasoline for domestic use from this 
source in December 1939. The remainder of the products exported from 
Eastern States went chiefly to Italy and Germany, Italy receiving about 
50 per cent of the total. 


PRICES AND TAXES 


The disposal of crude and products from seized properties resulted 
in a wide range of prices for identical items, depending on the terms of 
the sale—cash, barter, or both. 

Panuco crude has been the only petroleum product sold on the open 
market by independents still operating in Mexico, and the price of the 
last cargo sold in 1939 was $0.68 per barrel—as compared with $1.00 in 
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1935, $0.95 in 1936 and ranging from $1.35 to $0.96 in 1937. In Decem- 
ber 1939 three cargoes of Panuco crude brought three different prices 
—sale by the Mexican Government to Italy of ‘‘expropriated” oil, $0.92; 
sale by Mexican Gulf company to the Gulf company in the United States 
of their own “‘unexpropriated”’ oil, $0.63; sale by Empire company to 
Mexusa, Holanda Corporation, of Empire’s ‘‘expropriated” oil (in 
private deal with the Mexican Government), $0.505. 

At the close of the year Poza Rica crude was being sold by the Mexican 
Government for export at $0.70 to $0.95 per barrel, depending upon the 
buyer. Isthmus crude sold for $0.95 per barrel (to Italy) and Southern 
crude for $0.55 per barrel to the affiliated Eastern States refinery. 


TaBLE 6.—Petroleum Export and Production Taxes 
U.S. Cents PER BARREL 


Classification ee | Dae | Aa | oe 
Heavy erudenec yer.cteiet ere at eens oe 9.0 86 | 1120 Sie 
Teh terudewe cn. teenie eee 18.8 20.4 13.9 14.0 17.6 16.6 
Hurelvorlst ean aerte cre te ae 16.8. |) 1854~ | 122528) 12.6) | 1622 ee eto 
Crudéi gasoline... 244 seen 25.2 °|.25,7 | 20.9 | 20.5 | 2207s 2ie0 
Refined gasoline... 22:7. .23...-4- Le 12.0 9.7 9.5 10.5 Witt 
Grude'kerosenes scent sme a. Lone 19.0 14.9 LOM te Loss 14.9 
Refined kerosene.,.............- 7.4 3 1 Fes v0 ise! 
Official rate of exchange, pesos for 


Export and production taxes for the years 1936 through 1939 are 
given in Table 6. During that period the value of the peso with relation 
to the dollar dropped 37 per cent, while the taxes on a U. 8. currency 
basis averaged 10 per cent less in November 1939 than in December 
1936. In addition to these old taxes, the Mexican Government in August 
1938 declared a 12 per cent ad valorem tax on all exports (Table 7). 
Apparently to offset depreciation of the peso, this tax is adjusted from 


TABLE 7.—12 Per Cent Ad Valorem Tax on Petroleum Exports 
U.S. Cunrs prr BARREL 


Classification Jan. 1939 | Dee. 1939 Classification Jan. 1939 | Dec. 1939 
Heavy crude......... 8.4 8.5 || Refined gasoline. .... ¢ 19.0 
Tee oieertid ey evan ce cies 8.8 11.1 || Crude kerosene...... ; 20.0 
BNL GLA OL bene! stonicrsiareach a wee 8.2 9.5 | Refined kerosene..... 18.0 
EL SL lh in ae ace ao 19.4 18) DEAS DIAL Gena) exci ee ners 18.8 
Crude gasoline........ 1G 0) 13.9 


lie tall tek vz 
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time to time by revaluation of export items. During December 1939, 
the peso dropped from 4.95 to 6.00 with relation to the dollar. It is 
interesting to note that the Mexican Government posted new valuations 
of petroleum products on Jan. 16, 1940, increasing all items an average 
of about 20 per cent—effecting a corresponding 20 per cent tax increase— 
to offset the decline of the peso. 


Petroleum Developments in Peru during 1939 


By O. B. Horxins,* Member A.I.M.E. 
(New York Meeting, February 1940) 


PrerroLeum activities during 1939 are conveniently divisible into 
three parts: development, exploration, and leasing. 


DEVELOPMENT 


Essentially all production for Peru came from the three established 
fields in coastal northwestern Peru (Fig. 1). These fields are known 
as La Brea-Parinas, Lobitos, and Zorritos, in order of importance. 
Together they produced 13,496,880 bbl., as compared with 15,838,605 
bbl. in 1938. 

Zorritos Field—Of the total production shown on Table 1, the 
Zorritos field was responsible for a relatively negligible amount estimated 
at 40,000 bbl. This small field, which is over 50 years old, was purchased 
by the Peruvian Government in the spring of 1939 from the Piaggio 
interests. The Government operated this field along with its near-by 
National Reserve areas, largely under supervision of Department of 
Mines officials, and the total production rate for both old and new 
areas was estimated to have increased by Oct. 1 to 166 bbl. per day, 
as compared with the 1938 average of 110 bbl. per day. Construc- 
tion is said to have begun on a refinery that is to have a capacity of 
1000 bbl. per day and is to include a gasoline-extraction plant, and on a 
pipe line to bring fresh water 20 miles from the Tumbes River. 

Lobitos Fields—The Lobitos fields, some 70 miles south of Zorritos, 
produced approximately 2,650,000 bbl., or almost the same amount as 
in 19388. 

La Brea-Parinas.—The International’s La Brea-Parinas property, 
immediately south of the Lobitos property, produced 10,806,880 bbl., 
or 80 per cent of Peru’s production. During the year 73 wells were 
drilled on the Estate, mostly in the semiproved area: 44 by rotary, 13 by 
cable and 16 by star rigs, as compared with 34 by rotary, 11 by cable and 
20 by star in 1938. The most important of the several semiexploratory 
wells sunk was No. 3075, which late in December was brought in at a 
depth of 4500 ft. with an initial production of 1500 bbl. per day, based on 


Manuscript received at the office of the Institute Feb. 9, 1940. 
* Chief Geologist, Imperial Oil Limited, Toronto, Ont. 
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a short test. At the end of 1939 there were 1993 wells still classed as 
producers out of a total of 3111 wells completed to that date. 


EXPLORATION 


Zorritos and Pirin.—The Peruvian Government continued its drilling 
in two widely separated regions. In the northern National Reserve 
region and the adjoining Zorritos field, up to Oct. 1, it had drilled a total 
of 14 wells and had 5 rigs in operation. The largest production found 
was 50 bbl. per day, but by October this well had already declined to 
25 bbl. per day. On the National Reserve in the Pirin region, adjoining 
Lake Titicaca, it abandoned one well, has one well producing oil and 
water, and one well drilling. 

Pachitea Region.—In eastern Peru the outstanding wildcat of the year 
was completed by the Cia. Ganso Azul, which brought in its Agua Cali- 
ente 1A on Feb. 26 at 1174 ft., with an initial yield of 750 bbl. per day of 
45° gravity oil from a lower Cretaceous horizon. The productive 
structure is reported to be an anticline 16 miles long by 7 miles wide, 
with dips averaging 20°. It is said to have 3600 ft. of closure and to 
include 50,000 acres within the closing contours. The discovery well 
is on a 90,000-acre concession 20 miles above the confluence of the 
Pachitea River with the Ucayali River (Fig. 1). The concession is 
3000 miles by water from the mouth of the Amazon and 300 miles north- 
east of Lima. Most of the journey from Lima can be made by motor in 
two days, or the entire trip can be made by plane in one day, crossing the 
Andes at an altitude of more than 15,000 feet. 


TABLE 1.—Oil and Gas Production in Peru 


Total Gas Oil-pro- 
pony Total Oil Production, pee ae Number of Oil and/or —— 
Acres Bbl. lions Cu. Gas Wells End of 
Ft. 1939 
Field, County During Number 
2 1939 | End of 1939 | oF Wells 
> oa 
5 8 ToEnd of | During | & £3 
q z 1939 i939 | S| 8 32/3/38 ae we |e 
Zz ‘8 El elesie s so g |g 3 
2 #|~|2 a Eos /2/ a (Ez 2s 3/5 [Ss 
3 mid] | A S* IS [Seal E5 eel a |S 
1| LaBrea-Parinas, Piura. .|1889| y | y |202,335,635 |10,806,880 xz | zx |3,111) 73) 17) 90 | 1,885} 18 | 88] 1,788 
2| Lobitos and Restin, Piura|1904| y | y | 46,627,405 | 2,650,000 “| 2 vy) ul voy yiyul oy y 
3] Zorritos, T'umbes........ 1883] y | y | 3,228,362 40,000 E 7 
4) Pirin(Huacane), Puno!..| 2] y | y y y 2 r 4 y" : ; 4 4 H ; 
5| Pachitea, Huanucol..... 1939] y | y y y ei 2 vi vl uvloy vy) vyloy u 
Glee Potala gcmcchveea ers 252,186,402+-|13,496,880-+- 


5 Footnotes for column heads and explanation of symbols are given on page 239. 
1 Oil and gas production of these fields believed to be negligible, Fiaall canaitind may have been used in tests or for fuel 


ee 
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A third well a mile northwest of the discovery well is now drilling. 
Consideration is being given to erecting a 1000-bbl. refinery. 


LEASING 


Approximately 278,000 hectares, or about 700,000 acres, of oil leases 
were recently applied for in eastern Peru in the form of 16 concessions. 


EcuADOR 


In attempting to evaluate the relative position that Peru may occupy 
in the future in the oil industry of the west coast of South America, the 
oil developments in neighboring countries should be kept in mind. At 
present the more important of these appear to be in Ecuador, where the 
Anglo-Saxon is exploring a 25,000,000-acre concession in the Oriente, and 
where International is doing geophysical work on a 4-yr. exploration 
concession of 10,000,000 acres, centered on the port of Guayaquil. For 
the past few years Ecuador’s total production has come from the Santa 
Elena peninsula and has averaged something over 2,000,000 bbl. annually. 


TaBLeE 1.—(Continued) 


e — Ch D t Zone Tested 
essure, aracter . . eepest Zone Tes! 
Lb. per of Oil Producing Formation to End of 1939 
Sq. In. 
Repres- 
Sure Depth, 
ee & Avg. Ft. 
, ae g : 
3 gE a Name Agee |. P =| ey Name A 
g Ro, Se el ad Sip 8: |gese| § Sm 
Z| aq |8s Beee0 glelcglasce 3 as 
2 3B bor Sass BS Lia ea »> =) a0 
A| 8 |22 6 7E|g" A\s\eSiaeie<| & a= 
1) y y {rr} 38.0 ea Ae Eocene | S| y| y| y| y| AF | Eocene 
Negritos 
2| y y y y y | Terebratula, Lower | Eocene | S| y| y| y| y| AF | Probably Cre- 
Caverno : taceous 
a ¥ y 7] 7] y | Zorritos Miocene | S| y| vy} y| y | MF? y ‘ 
(|| 2 y y y y\y y TE EE ON EN Oe Ve 
5| y y y y yly y yi ul ul y| y| A |Lower  Cre-| 3,100 
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Oil and Gas Production in Poland 


By EvGEenr JABLONSKI* 
(New York Meeting, February 1940) 


STATISTICAL data on the Polish producing business are available only 
for the first half of 1939. Because of the invasion of the country during 
September by Germany and Russia all sources of information have 
stopped, and it is impossible to get even an approximate picture of the 
status of the industry after that date. 

The long declining trend of Polish production, which was finally 
checked during 1938, kept a further upward tendency during the first 
half of 1939, and there is good reason to believe that the upward trend 
would have been maintained. 

It is true, there was little hope of reviving the slowly eine Boryslaw 
field, “TUES there still remained a slight possibility for an extension in 
its southwestern direction. Repressuring plans were still discussed, but 
could not be put into effect because of extremely complicated and split-up 
lease ownership. The Gorlice-Lipinki field continued to be the main 
factor in the increase of the country’s production. During the first half 
of 1939 this field received a further important extension in a southern 
direction. The Schodnica field continued to use repressuring with success. 

At the end of June, 21 exploratory wells were drilling, 14 of which were 
within the Carpathians and 7 in the Miocene geosyncline of the Car- 
pathian Foreland. All of the wildcat wells drilled within the Car- 
pathians were on the structural extension of old established fields, 
but part of the wildcats of the Foreland were on new geological and 
geophysical prospects. 

The Opary gas field of the Foreland discovered last year has been 
further developed. The Government-owned Polmin completed its third 
gasser. This well penetrated two sands; the upper one, 118 ft. thick, was 
found at 1312 ft., with an initial pressure of 570 lb. and capable of produc- 
ing 10 million cu. ft. per day. The second sand, 91 ft. thick, was found 
at 1690 ft., yielding 20 million cu. ft., with a pressure of 760 Ib. The 
well Mieczyslaw, drilled about 3 miles further north on the flank of the 
structure, found the first sand watered. 

The Pioneer No. 5, at Chodonice near Przemysl, which reported some 
gas last year, was 5696 ft. deep at the end of June, still drilling in Miocene. 
Another well in the same vicinity drilled by the Gasolina was 1708 ft. deep. 

Manuscript received at the office of the Institute Feb. 14, 1940. 


* Geologist, Socony-Vacuum Oil Co. Inc., New York, N. Y. 
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566 OIL AND GAS PRODUCTION IN POLAND 


The important Hucul well, drilled at Wierzbowiec, close to the 
Rumanian border on the eastern end of the Foreland, was abandoned in 
April as a dry hole in the Cretaceous at a depth of 5085 feet. 

The possibilities of discovering German type oil fields on the flanks of 
salt domes in the North Polish Plains have been further under considera- 
tion by the Geological Survey of Poland, and geophysical surveying and 
Government-subsidized drilling continued. 


TaBLE 1.—Oil and Gas Production in Poland 


Area . . Total Gas Number of Oil 
Proved, Total pas Kip ion Production, and/or Gas 
Acres 7 Millions Cu. Ft. Wells 
Daily During 
Field oye First Half 
of 1939 
1939 Se 
amg ia |) 
be : To End of | Durini ToEnd | First | 2a 
3 Oil | Gas’) June 19393 | First Half of June | Half of | = 3 
g of 1939 1939 1939 3 eS B g 
2 23/2/4 
g #2|/8| 3 
3 of|sol|= 
Fretps West or THe San River 
1 | Gorlice-Lipinki.................. 1,182 y| 5,288,594) 266,730) 1,519 z 98.3) 1,101} 65) 4 
2 | Biecz-Korezyna................. 65 y 8,205 15,345 78 = 26.8 59 1 
Si |\Harklowanctnrencch<comeas ctieee 130 y| 1,774,609} 27,367) = 151 x 16.2} 280) 3 
4| Potok anticline.................. 1,835] 515) 8,144,735) 114,503 623] 62,202.7| 3,989.7; 454) 15) 1 
5 | Bobrka-Rogi-Rowne 225 y| 5,554,751 24,315 133 £ 47.2) 253 + 
6 | Iwonicz-Wulka.................- 275 y) 1,037,175 16,710) 110 x 36.3) 103] 12 
7 | Zmiennica-Turzepole............. 67 y 717,627 13,117 78 £ 24.8) 62 
8 | Grabownica-Humniska. .. 321 y| 1,998,075 45,383} 261 z 147.0} 121) 5) 3 
O'|WeplowkAccieckcccs seccncsits on 148 2,037,718 12,983 77 zr 12.0) 229) 3 4 
10 | Minor western fields!............ 160 494 787,540 30,285} 171 z 170.3} 309) 19 
Total fields west of San River.| 3,908] 1,009} 25,759,029) 566,738) 3,201 4,568.6) 2,971) 122) 10 
Finxps East or THe SAN River 
LDS Teyrawes BOG) vs. esc. shiny ooicis 52,972 13,140 67 2 
12°) Lipte-Osarne ss. conis'noasieeatnce 51,877 10,102 53 4 8| 2 
13 | Wankowa-Paszowa.............. 2,421,086} 91,133] 489 12) 2 
14: | Btreclineeieiiavcacie onan saa eos 629,143 9,315 58 ; 1 
15 | Borvalaw eranscitccicascists wnwrealace 182,280,769] 872,386) 4,788 i é 14 
16 | Schodnica-Uryez................ 20,420,596] 182,677] 1,035 x : 18 
17 | Daszawa gas field............... 1,500 f . 3 
18 | Rypne-Perehinsko............... 2,416,090 45,885] 253 £ x 7 3 
19 | Majdan-Niebylow............... 60 261,652 17,040} 109 E 14) 3 
20 | Bitkow-Paszowa...............5 6 460, - 97,755} 573 ; 6) 4 
21 | Kalusz gas field................+ 125 1,125 : Alvaed 
22 | Minor eastern fields?............. ay 1867 936 9,668 59 b 31 4; 1 
23 Total fields east of San River. 1 a 222, ct th 1 850, 226] 7, on 85| 15 
24 MGtal Polandssinscaes ec cvsen 207) 25 


b Footnotes to column heads and explanation of symbols are given on page 239. 

1 Under‘‘minor western fields” are included such fields as: Sekowa-Siary, ianka, Klimkowka, Strachocina-Gorki; also 
Sle nee | under German occupation, but in previous years reported under orca district, such as Rajskie and Braozo- 
wiec fie! 

2 Under “minor eastern fields” are included such fields as: Opaka, Opary gas field, Sloboda Rungurska. 

3 Polish official statistics ae production in metric tons. A weighted average factor of 7.5 (corresponding to weighted 
average gravity 37° A.P.I.) has been used to convert tons into barrels, except for Boryslaw, for which a factor of 7.3 (33° 
A.P.1.) was used. In previous years a different factor (probably 7.0) was used. 
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Highly split-up surface ownership and artificially kept up high prices 
for crude oil were always and remained up to the time of occupation the 
two outstanding features of the Polish producing industry. 

Boryslaw 33° gravity crude was quoted at Zl 1725 for a tank car, 
which means $4.49 per barrel, and the 46° gravity Starawies crude from 
the Grabowinca-Huminski field was quoted at Zl 2399 per tank car, which 
means $5.77 per barrel, accepting the value of the zloty to be what its 
official rate was; namely, 19¢ to the zloty. This high price for crude oil 


TaBLE 1.—(Continued) 


Oil-pro- . 
Number of Oil | duction | Reservoir 
and/or Gas | Methods, | 7}, ure; | Character of Oil Producing Formation 
Wells End of 3 gee 
June 1939] Po 1” 
End of June Number 
1939 of Wells 
ay ee es a 
3 mal SO & 3 | By Name Agee a: $ 
ae 5| w | w 8 |< :3o0] 2 Mes itecas ed +s 
SifqQ)--2 |.8 | «| a pass |gs S\sRi4¢8 ee ‘2 
z\8s| 8 |3/2/8_| 3 [#o| ome eo g\/e|4s2e5| = 
g/f2) 2 (2) |S8) = esl aes les f/ e eesie) 2 
Sa") & |e le [ae] & jen | ots ae 6B\e& |AB™ le<| & 
Fieips Wist or Tax San River 
1| 16] 692 1 692 x 34 5.2) Ciezkowice Koc § |22 2,700 80) Af 
2 2| 44 44 x 39 0.7| Ciezkowice Eoce 5 1,440 | 120} AF 
3 4| 144 144 L 27 0.8} Krosno Olig s 1,066 | 150; AF 
4 8| 161] 38] 6 155} 1,621 z 40 1.6} Ciezkowice Eoc § |12.2) 3,900 | 126] AF, Af 
5 2 91 3 91) 853 z 34 3.3] Ciezkowice Eoe 8 3,200 | 160) A 
6 3} «55 55} 1,351 x 29 0.3) Ciezkowice Eoc 
Czarnorzeki Cre 8 2,120 | 100) A 
tf 39 39 x 33 6.7| Ciezkowice Eoc iN] 2,400 | 100) A 
8 5) 54 2 62) 711 z 47 3.0} Ciezkowice Koc 
Czarnorzeki Cre § |19.5) 2,940 | 200) AF 
9 3 85 85 z 30 0.4) Czarnorzeki .Cre NS) 1,050 | 100) A, MC 
10 | 46) 221 6 221 E 38 0.4) Krosno Olig 8 3,000 75| A, MC 
89/ 1,586 | 48] 8 | 1,578 
Fie.ps East or THE SAN RIveR 
11 il 15 15 £ 44 0.3| Lower Krosno Olig s 900 y| Af 
12 6). 25. 25 x 42 5.1) Lower Krosno Olig 8 1,310 y| Af 
13: | 82): 388 1 388 z 34 5.9] Lower Krosno Olig 8 1,900 50) AF 
14 3 40 40 x 32 6.2) Jamna Eoc iS] 660 45) A, MC 
Boryslaw sand | Olig 
15 | 207) 625 | 129 625 z 33 Gade Hisccayph \ Eoe S |14.1] 5,700 | 120) AF 
amna 
16 | 93) 602 il 602 x 36 3.2) Jamna Eoc § 1,480 | 150) Af 
17 5 29 896; 2 “Gas Series” Mio § |25.0} 2,300 | 100 
18 14| 125 125 x i Bier ‘ Olig 8 2,625 60) A, MC 
19} 12) 98 93 fr 0 .9| Hieroglyp 0c 
Tnoceramus Cre 8 1,920 | 80) Af 
20) 37| 145) 13) 1 144 x 44 4.5) Kliwa Olig 8 4,710 30| AF 
21 4 900) 900 “Gas Series” Mio i) ] 
22 | 54) 88 3 83 x 36 5.5) Hieroglyph Eoc 8 2,400 | 80| Af 
23 | 464| 2,141 | 180} 1 | 2,140 
24 | 553/3,727 | 228] 9 | 3,718 


pease teeta etre tt 


was maintained by prohibition of import of foreign crude and by govern- 
ment control of prices for refined products. 

As a result of the military occupation in September, Germany has 
obtained all fields lying west of the San River, whereas Russia came into 


possession of those lying east of the San River. In other words, Germany 
‘has obtained, with the exception of Tyrana Solna, the fields that belonged 
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to the Jaslo district and Russia has obtained, with the exception of 
Brzozowiec-Mokre and Rajskie, the fields that were known as the 
Drohobycz and Stanislawow districts. 

This has given Germany control over only a little more than one- 
fourth of Poland’s production of crude oil. No statistics are available 
for the period after occupation, and there is little hope that reliable 
information will reach the outside world during the duration of the 
present war. It is of interest that Germany has obtained most of 
the production with upward tendency, whereas Russia has received the 
larger, but now rapidly declining portion of production, including the 
Boryslaw field. This feature is well illustrated in Table 2, which clearly 
shows that the steady decline of Polish production was checked in 1938, 
that this decline was due to the decline of the Boryslaw field, and that the 
Jaslo district, which more or less coincides with the German acquisition, 
had a steady upward trend during the last decade. 


TABLE 2.—Production of Oil in Poland 
Metric Tons 


Year Jaslo District | Boryslaw Field | Rest of Poland | Total Poland 
L929 rete Shae Meme Nim h es its 73,610 470,570 124,330 668,510 
1990 sb tele rae eink tae 85,350 443,340 134,080 662,770 
Oe a ie tie tah eh ROR MS 2 97,650 390,700 141,930 630,280 
NOS 2 Paes ete, chen eee, Se 95,820 330,290 130,570 556,680 
NOs Bo Se Rites ie Ree Sao te 96,450 325,140 129,080 550,670 
POS A eer gions ok ae cles 95,380 301,380 132,440 529,200 
LOS betas shot ctticnh aio akcaee 99,080 285,980 129,700 514,760 
LOSG rime umes iene i eis 107,890 271,320 131,420 510,630 
LO STEM RCo io. ces open 117,690 258,860 124,750 501,300 
LOSS Macitas od pation Seas. 136,450 246,860 123,940 507,250 
LOS O Ue rai bs cee eR talsess on ees 76,406 119,505 62,871 258,782 
Daity AVERAGE PRopuctTiIon, BBu.? 
PirsG alts oss woos a sae 2,760 | 4,988 2,517 10,265 
Second half 1988.......... 3,023 4,695 2,483 10,201 
HinstnalfslO39 Fn. sos tances 3,227 | 4,788 2,670 10,685 


1 Figures for 1939 are for only the first half year. 

* Production figures in barrels are somewhat at variance with those reported in 
previous years because of the difference in factors used in converting metric tons to 
barrels. 

It is probable that the production in the area under Russian occupa- 
tion will continue to decline; and this decline will be accelerated by two 
factors: lack of price stimulus and inefficiency of Soviet control. The 
production in the area occupied by Germany will probably regain its 
upward tendency after a slight setback due to change in management; 
and this upward tendency will be accelerated by the tremendous demand 
caused by the war and the efficiency of German control. 


Oil and Gas in Rumania 


(New York Meeting, February 1940) 


Durine 1939, there were no discoveries of oil and gas in Rumania 
worthy of mention, and the only important extension was the anticipated 


TABLE 1.—Oizl and Gas Production in Rumania 


Area Proved, Total Oil Production, 
Acres Bbl. 
Year 
of 
Field, District Dis- 
cov- 
s ory ; To End of | Duri 
il b 0 uring 
4 So 1939 1939 
=) 
Zz 
o 
| 
pa) 
Talpvartul, Draganesel, PT QhO0d. vom .)0¢ occ senate s aee sya 1880 100 311,200 
2.| Doicesti Sotanga, Dambovita........... 0.5.2 s sce eee reece ees 1912 100 22,600 
3,| Glodeni, Dambouita.... 2.2 ..4G. 2 eee secre tines cence enenee 1897 200 568,500 9,000 
4| Malul Rosu, Dambovita..........-.-. 5 sees ere e eee e etree eens 1903 50 5,800 
Bil Coltbast ROSCA DGMOOVIC... «jeis)ore cles. sings sralvie -nlejernrosn's a bie FsiaTe* 1856 700 3,243,300 
6 | Pifigaia (Draganeasa), Prahova............ 6. see eevee cence ene 1938 200 22,600 22,000 
| OARAPINAy EPGNOW ses cop cooled os eee gels e eee es sae visie devia clen ts 1884 600 33,283,000 [210,000 
SMB Ustenarig RUNCU) TOKO. ee oc.eis0 vei alewine oan cinvinte so ieleinas © 1844 | 5,300 106,702,700 | 1,600,000 
GUScLORTs EF IBRODG ote ce Spoiscaim cictetars ieleltnnie's <1ete tess ain Slenete aon ps bree" ls 1929 200 ,500 9,000 
10 | Copaceni, Prahona...........0eccsseree eee e essen scene ese e tees 1904 200 1,884,400 90,000 
11 | Filipesti de Padure, Prahova................02 ee ee cess sees sees 1910 270 2,037,300 
12\|(Magurele, Prahova....:-.0. 000020000 cer ees et arse neeenasese. 1938 100 10,000 7,500 
PROD ACTIME tL, ME rGROUG. & « ceioielejisistail> = oio\ei oso mentor Primers « eros sina Mtisye teal ate 1899 150 230,500 
14 | Matita, Prahiovd. ....0. 0.050. 6e <del omen ees ..| 1899 100 80,300 
15 | West Gura Ocnitei, Dambovita..........--0- 60sec ence eee eens 1929 | 7,600 70,190,800 | 3,810,000 
16 | Gorgota-Ochiuri, Dambovita............-.. 2-200 -cee sees ee eees 1913 | 1,000 42,949,200 | 1,950,000 
17 | Moreni, Dambovita and Prahova... ......... 26s see e reece eens 1903 | 3,700 336,476,700 | 13,200,000 
18 | North Moreni, Prahova. ......... 0.2 ce creer neces ence eee eens 1903 | 1,350 26,570,000 710,000 
19 | Piscuri, Piscuri North, Prahova.......... 6-00 p eee cece eee e es orn) 1027, 500 21, (2,400 | 1,500,000 
20 | Ditesti, Prahova....... 2.066. e cece ect ete nee ene 1933 300 1, 29,800 
91 | Calinesti, Prahova..... 0.0... .c cece cece eee ent tect e eee eans 1934 100 23,200 
22 | Baicoi, Litiesti, Tintea, Prahowa..........-. 0-2 eee eevee eee 1861 | 1,000 47,604,100 | 8,470,000 
23 | Bucsani, Dambovita.........-.-. 0 eevee terrence eee eens 1933 | 3,900 33,953,100 | 2,350,000 
24 | Margineni, Prahova..........--- sere cere teeter ener teen ees 1935 700 948,800 315,000 
25 | Aricesti, Prahova.......... 0200s cece eee eee etree teen eens 1921 | 1,000 7,775,100 215,000 
96 | Boldesti, Prahovd.........0 cece cece eee e eee eee cence ences 1922 | 5,400 76,981,700 | 5,300,000 
27 | Ceptura, Prahova......... 000.02 cee ees e este t eee e eet en nec ce es 1913 | 2,800 40,510,000 | 5,250,000 
98 | Orlea, Prahoud........- 00s cence eee n eee eet een etnies 1932 50 ,200 
99 | Podeni Noi, Apostolache, Prahova... .....-...+:sesseeseeee ners 1902 100 151,100 
30 | Udresti, Prahova. ..... 2... 0c eee eee cence tee e nn ete eens 1914 100 138,800 
31 | Sarata Munteorul, Buzau..........-. 060s e sere er erence tenes 1869 250 3,703,300 47,000 
39.| Arbanasi, Buzau...........2c cece cere eee e tee eee t seen teen es 1869 400 15,909,300 260,000 
33 | Solont Stanesti, Bacau............-seeeec esse eee ee etter eens 1860 250 4,753,900 85,000 
34 | Zemes, Taslau, Bacau......... 06.0 ee reer eerste eee tence eens 1860 170 4,918,200 152,000 
35 | Moinesti, Lucacesti, Bacau...........+e0 secre ces ee escent ee ees 1860 270 2,871,700 75,000 
36 | Comanesti Grozesti, Bacaw...........4..eseeer secre eee rece eee 1860 100 15,400 
37 | Tescani Casin, Bacau...........6.ec cere e ere eee e cence eens 1860 300 975,700 11,600 
38 | Maramures, Maramures............++++- ....| 1918 10 3,900 
39 | Transylvanian Basin (13 Fields), Gassasnncet er anaes ..| 1907 4,000 
FIV UHR eich a) ab hdpeasunde 10 00.7 acu eos Ipotup Corp onan nam SMD 39,620 |4,000 | 889,241,100 | 45,648,100 


® Footnotes to column heads and explanation of symbols are given on page 239. 


Manuscript received at the office of the Institute Feb. 29, 1940. Information 
available through the courtesy of W. P. Haynes, Member A.I.M.E. 
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western continuation of the Baicoi-Tintea south flank, which, however, 
adds relatively little to the reserves of the country. 

Production during the year amounted to 45,640,100 bbl., against 
48,984,200 bbl. for 1938, or a drop of 6.8 per cent. The decline as 
reported last year was 8 per cent. Rumania’s peak year was in 1936, 
with a production of 65,062,293 bbl. The only fields showing gains over 
the year 1938 were Baicoi-Tintea and Ceptura, with increases of 43 and 
5 per cent, respectively. The six major fields registering declines 
averaged a 23.5 per cent drop. 

During the year, 855,000 ft. of hole were drilled by 150 wells, which, in 
comparison with the previous year, is a decrease of 106,000 ft., or 11 
per cent. Most of the drilling took place in Baicoi-Tintea, Ceptura, 
Moreni, Ochiuri, and Margineni. Averages of about 15, 7, 8, 6, and 3 


TABLE 1.—(Continued) 


Total Gas Oil Reservoir 


-production 
Production, Number of Oil and/or Gas Wells Methods, End} Pressure, Lb. Character of Oil 
Millions Cu. Ft. of 1939 per Sq. In. 
3 
§ 
During 1939 | End of 1939 | Number of = 
Ave. & Gravity, 
& | To End} Dur- | 23 >A inital wi te ar > an 
nitial! En t- 
E of 1939 | 1939 Ba z 3 z rt to fete of | & | Weighted Per 
55 +3 8 EC 3 3 Flow- i 1 Cent 
Z, a, a 3 S a = sie : ficial 939 Average 
: pa| 2 | 2 |faleeize; | 5 
3 OF S | a faZ 1 Ae | co = 
1 32 40 
2 4 39 
3 6 1 1 39 
4 10 37 
5 30 37 
6 8 1 1 36 
7 284 3 67 1 66 41 
8 1,649 8 10 45 550 2 6 546 42 
9 9 4 4 40 
10 20 1 2 8 1 7 41 
11 57 43 
12 1 1 32 
13 14 1 52 
14 10 42 
15 328 6 20 25 125 4 10 119 33 
16 299 16 10 15 85 4 12 77 33 
17 1,232 21 15 40 | 456 6 20 442 33 
18 389 1 4 10 37 1 36 33 
19 143 3 1 30 78 1 10 69 33 
20 9 6 39 
21 4 3 33 
22 533 49 5 30 | 125 68 57 | 4,200 | 3,000 39 
23 145 10 15 80 1 7 74 | 1,500 400 38 
24 24 8 1 3 10 1 8 3 | 3,500 | 2,100 39 
25 59 10 10 5 6 9 35 
26 170 7 5 32 84 5 23 66 | 2,500 | 1,000 37 
27 246 22 2 30 | 125 24 | 101 | 2,000 | 1,000 34 
28 8 1 1 1 34 
29 19 1 33 
30 2 2 34 
31 40 4 4 38 
32 176 90 90 38 
33 193 1 83 83 43 
34 60 41 41 43 
35 40 15 15 43 
36 20 44 
oH 66 12 12 43 
39 | 159,000 |9,000 71 1 2 30 30 750 4 
40 6,410 148 88 300 | 2,087 63 228 | 1,922 i: 


rr ee 
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strings, respectively, for these areas were occupied throughout the year 
drilling new wells. 

Only seven wildcats were completed in 1939 and six drilling at the end 
of the year. Of the completions, two were obligations imposed by the 
State. Furthermore, all except one of the wildcats were located in areas 
where surface geology could be studied rather than in the plains, where 
geophysical methods are necessary in order to evaluate lands. In this 
region the subsurface is owned by the State. 

Considering that there have been no major discoveries since that of 
Buesani in 1934 and the deep Meotic in the Baicoi-Tintea field in 1937, the 
production of the country is holding up remarkably well through drilling 
in the known fields along with the development of minor extensions in 


TaBLE 1.—(Continued) 


5 : Deepest Zone Tested to End 
Producing Formation of 1939 
Depth, Avg. 

fe Pad Depth 
3 Name Agee as ks a . = Name of 
| 5 =. ||) $3 i= aP > Hole, 
5 eo i> | es 4 ‘gt 3 Ft 
eZ S12i/Seo/8s lay | s ‘ 
2 2/2) 88|/3£138| 2 

= o 
z Bice 8 lat lee] é 

1 | Meotic Pli s 1,100 |2,000 | 60] F | Meotic 2,000 
2 | Meotic Pli 8 1,700 | 1,900 50 | A | Helvetian 5,100 
3 | Meotic Pli 8 1,000 | 2,000 40 | A | Helvetian 2,800 
4 | Sarmatian Mio 8 500 | 1,000 10 | A_ | Sarmatian 1,000 
5 | Meotic Pli Ss 600 | 1,400 50 | AF | Meotic 2,000 
6 | Helvetian Mio $ 4,400 |4,600 | 170 | F_ | Helvetian 4,800 
7|Meotic Phi § 700 |1,200 | 140 | MF | Helvetian 2,200 
8 | Meotic, Oligocene Pli, Olig § 100 | 2,500 |} 160] F | Oligocene 7,800 
9 | Meotic Pli S 1,400 | 1,800 30.| MF | Sarmatian 3,200 
10 | Meotic Phi $ 700 | 2,200 50 | F | Meotic 3,000 
11 | Meotic Pli Ss 3,200 | 3,800 30 | A | Deep Meotic, Sarmatian | 6,400 
12 | Meotic Pli iN) 7,300 | 7,500 5 | F | Burdigalian (Mio) 8,800 
13 | Dacic, Pontic, Meotic Pli 8 2,000 |4,000 |} 110] A | Meotic 4,000 
14 | Meotic Pli i] 1,000 | 1,300 10 | A | Meotic 1,300 
15 | Meotic Pli 8 5,400 |5,900 | 120} SA | Helvetian 6,500 
16 | Dacic, Meotic Pli Ss 1,300 |4,000 | 150 | SA | Helvetian 5,100 
17 | Dacic, Meotic Pli 8 1,400 |5,600 | 120 | SA | Helvetian 5,700 
18 | Dacic, Meotic Pli iN) 1,000 | 4,000 80 | SA | Helvetian 7,000 
19 | Dacic, Meotic Pli S 1,200 | 4,000 80 | SA | Helvetian 4,000 
20 | Meotic Pli iS) 6,900 | 7,300 50 | SA | Helvetian 7,300 
21 | Meotic Pli $ 5,300 | 5,700 40 | SA | Helvetian 5,700 
22 | Dacic, Meotic Pli Ss 8,800 | 170 | FS | Meotic 8,800 
23 | Meotic Pli 8 6,500 | 7,300 40 | A | Meotic 7,300 
24 | Meotic, Helvetian Pli iS) 6,100 | 7,500 40 Helvetian 7,900 
25 | Meotic Pli SI 5,500 | 7,400 30 | SA | Meotic 7,400 
26 | Meotic Pli S | 25 | 6,900 | 7,900 | 110 Meotic 9,100 
27 | Meotic Pli Ss 2,400 |4,100 | 100} A | Sarmatian 6,300 
28 | Meotic Pli iS] 7,600 | 8,400 20 | A | Meotic 11,000 
29 | Meotic Pli $ 800 | 1,700 15 | FS | Meotic 7,900 
30 | Meotic Pli 8 2,200 | 2,400 15 | A | Meotic 2,400 
31 | Meotic Pli 8 200 | 1,000 40 | A | Meotic. 1,200 
32 | Meotic Pli § 800 | 2,200 80 | A | Sarmatian ‘ 3,300 
33 | Oligocene Olig s 1,000 | 2,000 30 | AF | Burdigalian (Miocene) 3,050 
34 Olig s 200 | 1,000 30 | AF | Oligocene 1,500 
35 | Meotic, Oligocene, Eocene | Pli, Olig, Eoc| S 200 | 1,000 40 | AF | Oligocene 3,500 
36 | Oligocene Olig s 600 | 2,200 10 | AF | Senonian 2,400 
37 | Helvetian Mio § 500 | 1,500 60 | A | Burdigalian 4,900 
38 | Sarmatian Mio S ; 
39 | Sarmatian Mio NS) 600 | 1,800 D | Mediterranean 6,500 
40 
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TABLE 2.—Summary of Drilling Operations in Rumania 
Important Wildcats Drilled in 1939 


Total Surface 
Field, District Well No. | Depth, Vomance 
We us Drinune on JAN. 1, 1939, AND CoMPLETED DURING 1939 
1. | Marginéni, Prahoed ss ses. os <3 ean Sere Te a ois = wens 0 Os eran os 1 7,881 | Levantine (Pli) 
2'| Orléa; Prakond. x aac). cists Ole dee ie wal Beek ais ante ) apNOee toiner teem 351 8,258 | Levantine (Pli) 
3: | PARAM, PTOHO A corte woh Ok Gao ge me Mens Cte ote Cre als eee 1 4,784 | Meotic (Pli) 
4: | Surani;:-Prahovd. cit. cic cose te prc icra inate ds epee ate hee rae ea eet 101 2,359 | Meotic (Pli) 
WeELts Startep DritLinc AND COMPLETED DURING 1939 
Sul Malaestis Prahovg .1<a;/ ence achswae aa om erate halelawanta meets Soe 1 8,537 | Helvetian (Mio 
6:| Bratesti, Dambovita 5 sci. cs cbs Sneed a Se nt ae ee 1 5,709 | Levantine (Pli) 
Fi) DarlestisPrahoea s5 ccc:coetsciess cite, creteate eae epee ate acacerat teen aee ee eee 1 2,218 | Meotic (Pli) 
Wetts Dritiinc,on DecemBer 31, 1939 ; 
\ 
8 || Desesni, Bacaw a. sh.cvaucyon oe posites see avoe nn mieaaen Sn uchevaltnte ise etets 1 +4,925 | Helvetian 
OW BORA, Usa, US 2e, ae Panes wach a hare eon Rue vee ear e eae let re Peles 1 +7,458 | Pontic 
10 | Doioests,"Daniborta: 2055... =k), 00s ono n.cteeeteenenten «aie aites eye aes 10 +4,541 | Pontic 
11) \Campinita; Prahova. <v.csertia ete le oe. ee eee. Ros eee ae oe sie 1 + 715 | Helvetian 
123) Mapurele; Prahova scrsid ooh nah acs oa etn eA areata de <n Cee aR Ri oe ea tele 2 +4,364 | Sarmatian 
18 Ne Magirela: -Prahove 2 . tii cietaac cies een reo mete erclnra iron a Oa aibiara etlatarerelaystyy 3 +65,135 | Sarmatian 
Important Wildcats Drilled in 1939 
Initial Production 2 Pressure, Lb. 
per Day Choke per Sq. In. 
Deepest ; or’ Bean, || 2 a sa 
Horizon Drilled by Fractions Remarks 
Tested Oil, Gas, of an 
U.S. | Millions} Inch | Casing | Tubing 
Bbl. . | Cu. Ft. 
We ts Dritiine on JAN. 1, 1939, anD CoMPLETED DURING 1939 
1 cami (Mio) | Romano-Americana Sospiro 700 0.2 4 410 470 
2 | Meotic (Pli) Credit-Minier Dry 
3 | Oligocene Romano-Americana Dry 
4 | Oligocene Romano-Americana Dry 
We ts Startep Dri.iing AND COMPLETED DURING 1939 
5 | Meotic (Pli) Astra-Romana Drilling aban 
6 | Pontic (Pli) Unirea Dring pers ya 
7 | Oligocene Romano-Americana Drilling abandoned 
We ts Dritiine on Decemprr 31, 1939 
8 Romano-Americana 
9 Astra-Romana bie 
f yaE tee 
stra~-Romana 
12 Credit-Minier Neo-Petrol Suspended 


Credit-Minier Neo-Petrol 
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several areas. However, the end of the known fields is definitely in sight, 
and unless deeper production is found in the present fields, or fill-in fields 
within the present oil area are discovered, Rumania’s production will 
be merely a question of decline. It is generally conceded that the plains’ 
portion of the basin has possibilities of developing fields, and for years 
the companies have been trying to get a mining law that would permit 
their obtaining from the State sufficient reward in land to compensate 
the more expensive exploration and development. During the past 
year, the new law was expected from month to month, but is still in the 
course of study. It is said that the regulations will be favorable, but in 
any event several years will lapse before the country can be helped 
materially through increased production. 

From a technical standpoint, steady progress is being made in the 
drilling, production and refining departments. The destructive competi- 
tive feature has been lessened to a marked degree through intercompany 
cooperation and State regulations, which protect in a fair manner 
individual leaseholders. 


Russian Oil Industry in 1939 


By Basiz B. Zavoico,* Memper A.I.M.E. 
(New York Meeting, February 1940) 


Propuction of crude oil in the U.S. S. R. during 1939 is estimated at 
226,111,000 bbl., as compared with 219,778,000 bbl. in 1938, an increase 
of 2.88 per cent but some 6.00 per cent under the planned output. Dur- 
ing the past year a major readjustment took place in Russian oil fields, 
with the Grozny district falling into the third place, its former place 
having been taken by the fields of the Maikop-Kuban area of north- 
western Caucasus. Production continued to grow in the Ural-Volga 
district and further large increases in this province in the coming years 
are certain. 

The drilling operations continued to be most unsatisfactory, falling 
far behind the plan, possibly as much as 25 per cent under the set objec- 
tives, and thereby interfering with the production plans, more particularly 
since the Soviet oil industry is still based primarily upon the production 
from the naturally flowing wells without any proration whatsoever 
rather than upon stabilized production from either prorated oil wells or 
those operated with various mechanical lifts. The year 1939 started 
with the fulfillment of the drilling programs to the extent of about 90 per 
cent, but the situation rapidly deteriorated and by the second half drilling 
programs were being fulfilled only to the extent of 60 per cent or less. 
Such breakdown in drilling operations was possibly due to poor equip- 
ment, which has not been able to stand increasing demands upon it, 
and this is substantiated by the recent orders placed in the United States 
by the Soviet Government for some 60 drilling rigs of the latest design. 


PRODUCTION 


Baku District.—The fields of the Apsheron Peninsula (Baku district) 
made a notable progress during the past year and were able slightly to 
increase their production, to 166,000,000 bbl. as compared with 164,692,- 
000 bbl. during 1938. The emphasis of production in the Baku district 
remained on the flowing wells, about 20 per cent of the total number of 
wells flowing about 70 per cent of production. During 1939 some 
550 wells were completed in the Baku district with active rigs averaging 


Summarized at meeting; manuscript received at the office of the Institute 
April 16, 1940. 


* Geologist, The Chase National Bank, New York, N. Y. 
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approximately 160. Producing practices remained highly ineffective and 
in addition to reliance of the management on the flowing production and 
the relatively little attention paid to the pumping wells much of the 
production was still of not fully closed-in type, with the result that exces- 
sive losses of light fractions continued. It should be noted that the 
Soviet engineers anticipate that the current yields of gasoline from many 
fields that average only 2.5 per cent could be increased to 7 per cent by 
more effective handling of crude oil on the way from wells to the refineries. 
The more important developments on the Apsheron Peninsula that will 
serve to prolong its life for many more years have taken place primarily 
in and around the older areas and in their immediate extensions. The 
Bibi-Eibat field was extended to the southeast in the deep Sub-Kirmaku 
sands, with wells producing initially up to 4500 bbl. per day; this exten- 
sion adds considerable area to this already most outstanding field. Of 
the older fields the Surakhani has been extended in the northern direction, 
also in the Sub-Kirmaku sands; the discovery well in this area produced 
3000 bbl. per day initially from 8550 ft. Surakhani field remains at this 
time still one of the principal producers of the Baku area, with a daily 
output of around 70,000 bbl. 

Perhaps the most important development of the year on the Apsheron 
Peninsula took place between Binagady and Lok-Batan fields. This 
area, situated along a major structural axis, has not been promising in the 
shallow formations of the Pliocene ‘Oil Measures,” but last year’s 
developments of this area in the Sub-Kirmaku deep zone of these ““Meas- 
ures” have proved it to be potentially one of the richest discoveries made 
on the Peninsula. The first indication of the possibilities was given in 
January 1939, when the discovery well in the Yassamal Valley came in 
for about 2200 bbl. per day initially from around 5000 ft. Subsequent 
development in this area was somewhat disappointing, primarily, how- 
ever, because of the inability of drillers to complete wells effectively. 
By the end of the year in this trend several other discoveries of major 
importance were made, including those at Chakhnagliar, Khodja-Khasan, 
Baladjari and others, the Sub-Kirmaku sands being found in this area at 
depth from 4000 to 5000 ft., and all furnishing flowing wells with capaci- 
ties ranging up to 3000 bbl. per well per day. Farther south from Puta 
on the Kara-Dag structure, apparently a major field was opened, the 
discovery well flowing initially 4000 bbl. from 5340 ft. Also in this area 
first production in the Apsheron Peninsula from Maikop sand series was 
obtained, this formation being also in Pliocene but below the currently 
producing ‘‘Oil Measures”; the discovery well being drilled in Siazan- 
Naradaran and producing 225 bbl. initially. On the eastern end of the 
Apsheron Peninsula the importance of the Kala field was greatly enhanced 
by the discovery of production on the south half of the structure, formerly 
nonproductive, the first well in this area, one mile south from the North 
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Kala field, producing 400 bbl. per day initially from 7825 ft. Farther 
east, on Artem Island, favorable developments continued, this field 
becoming gradually of very considerable importance, which will be further 
accentuated during 1940 with the completion of a causeway to the main- 
land, a distance of about 114 miles. 

North Caucasus.—In the Grozny area of North Caucasus conditions 
continued to deteriorate, owing primarily, if not exclusively, to complete 
breakdown in drilling operations and to the inability of the management 
to handle production by mechanical means, while the discoveries of 
recent years have been produced so wastefully that practically all the 
natural flowing oil production had been exhausted by 1939. The Soviet 
plan placed too much dependence upon the area of the Old Grozny field 
in which drilling had for its objective the sands under the overthrust, 
where the formations lie deep at an angle of 60° to 90° and drilling under 
Soviet practices is obviously extremely difficult. Another mistake pos- 
sibly being made in this area is the development of the sharply folded 
structures in the foothills of the mountains; under the Soviet somewhat 
backward drilling technique much more effective results could be obtained 
in the area farther away from the mountains, where the folds are con- 
siderably gentler and in which drilling conditions would be easier for 
crews not fully experienced in modern drilling operations. 

Matkop-Kuban District—Maineft (Maikop-Kuban) district, hie 
during 1939 produced approximately 18,250,000 bbl., as compared with 
13,500,000 bbl. in 1938, was able to make such an outstanding record 
only because of flowing production in some of the newer fields, notably 
the Shirokaia Balka. It is not anticipated, however, that production 
during the coming year will be maintained at the level of 1939, since 
flowing wells in this area have been very definitely overproduced and rapid 
declines are likely to set in early in 1940. However, the undrilled struc- 
tures in this province already known and partly proved are many and 
it is not to be doubted that in the coming years this area will continue 


to gain in its relative importance in the Soviet Union if and when drilling 


development is more effectively handled. 

Ural-Volga Permian Basin.—Outstanding discoveries during the past 
year were also made in the Ural-Volga Permian Basin, the district pro- 
ducing in 1939 some 14,300,000 bbl., of which the principal amount 
came from the Ishimbaevo field. That field had a major extension 
to the south late in 1938, which was largely responsible for increases in 
production, and in 1939 produced some 12,000,000 bbl. Elsewhere in 
this province important discoveries have been made in Samarski Luki 
area of the Volga River but developments there are being held up by 
delays in drilling. Due north from the Ishimbaevo, in the Perm district, 
additional wildcatting uncovered at least three other major fields of 
Krasnokamsk type, these new proven prospects being known as North 
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Kamsk, Polazniand Nitva. Oiland gas have been found in various quanti- 
ties in a number of wildcats scattered throughout this immense area 
from Perm to the Caspian Sea on both sides of the Volga River but 
the distances involved and the slowness of new development do not 
at this time permit proper evaluation of the new showings. 

Emba District—In the Emba district apparently a new and important 
field was discovered in the southern portion, on the Kul-Sari salt dome, 
the discovery well flowing 700 bbl. initially from 3280 ft. The crude oil 
from this well is of exceptionally good quality, showing 75 per cent of 
light fractions with most of the residue lubricating stock of the highest 
quality. This discovery has been adjudged one of the most important 
in the area and is near enough to the existing pipe line to Orsk to be 
developed immediately. 


EXPLORATION AND PROSPECTS 


‘During 1939 first production was obtained in central southern Russia 
on the Romni salt dome, the discovery well producing from 3780 ft. 
Additional domes have been found in this area from Romni to Poltava 
and more active exploration is under way. West of this area Soviet 
Russia has acquired through the Polish campaign about 75 per cent of 
former Polish production, which in 1938 amounted to roughly 2,600,000 
bbl. The Soviet Government plans to make a detailed survey of this 
area with a view to increasing its production, more particularly, it is pre- 
sumed, with the idea of supplying some of the central European markets. 

In the Middle Asia province exploration has been very satisfactory 
from Cheleken Island to the Fergana Valley, but again the slowness of 
the drilling and the distances from the markets with inefficient trans- 
portation methods have held up more rapid progress, quite necessary in 
view of the development in this area of a large cotton-growing base. 

With the active development of Siberia industrially, a large demand 
for petroleum products has been opened there and considerable effort is 
being made now to discover oil reserves in that immense territory. The 
Far East is at this time reasonably self-sufficient with the Sakhalin Island 
production, but the type of crude produced there does not supply a 
sufficient amount of gasoline for requirements of that area for both 
civil and military purposes, therefore some gasoline must be imported 
into Vladivostok from the United States, such transportation being much 
more economical than shipping around the Suez Canal and the Indian 
Ocean. Promising results have been obtained at several localities in 
Siberia but no commercial production has been developed or indicated. 
The most promising area is probably immediately east of the Ural 
Mountains and the exploration there is scheduled to become active only 
during the coming year. Perhaps the outstanding single factor about the 
geological exploration for oil in Siberia is the wide distribution of oil 
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showings in the sediments of the Cambrian age and also the finding of 
oil seepages and of the live oil in the shallow oil wells in gneiss in the area 
of Lake Baikal. In the latter case, however, it is suspected that gneiss 
overlies a great thickness of sediments and the oil has seeped through 
the fractures, therefore the plans for the wildcatting in the coming year 
are to attempt to drill through the igneous material. 

Elsewhere in Russia promising shows of commercial production have 
been obtained at a number of localities, indicating the immense wealth 
of the country in crude oil and gas reserves. In the north in the Ukhta 
district development is now approaching the island of Novaia Zemlia, 
in which, in addition to the possibilities of producing oil by more ortho- 
dox methods from oil wells, shafts are being sunk into very rich oil- 
saturated shale and sand beds that outcrop on the surface. The first 
commercial shaft to be completed during 1940 is scheduled to produce 
4500 bbl. per day. Georgian fields in the Caucasus are also scheduled 
for commercial production during 1940, as are the more recent discoveries 
in the Crimea near Feodosia, where in November of 1939 a discovery well 
drilled by core-drill machine was completed at 420 ft. flowing at 175 bbl. 
per day from the Maikop series. 


Ve 


Petroleum Development in Saudi Arabia during 1939 


By J. O. Nomuanp* 


(New York Meeting, February 1940) 


During the year 1939 the program of the California Arabian Standard 
Oil Co. in eastern Saudi Arabia consisted of drilling wells to increase the 
production of Dammam Dome. (This structure is also sometimes 
referred to as Dhahran Dome.) In addition, in other areas of the con- 
cession, wildcat wells are being drilled on geologically favorable struc- 
tures. In the early wells drilled at Dhahran, production was at a depth 
of 2000 to 2200 ft. Since discovery of the ‘‘Arab zone”’ below 4300 ft., 
all of the later wells have been drilled to the deeper productive members. 
At present there are at Dhahran five wells in various stages of drilling 
or completion. In addition, 15 wells previously were drilled to the upper 
or lower zones. Although some of the early locations are exceptions, in 
general the spacing of the wells is at 3000 feet. 

Prospect testing consisted in drilling one well at Abu Hadriya and one 
at Ma’agala, about 100 miles northwest and 120 miles west of Dhahran. 
The first had attained a depth of 8655 ft. without encountering the main 
Dammam productive zone, while the second was at a depth of 1372 ft. 
Both of these wildcat wells are on large dome structures. 

Production.—During the year 3,933,903 bbl. of approximately 35° 
eravity oil was produced, all from flowing wells. A part of this produc- 
tion was shipped in barges to the refinery at Bahrein. In early May a 
40-mile 10-in. pipe line was completed to the deep-water terminal at 
Ras Tanura. The ceremony of first opening the valve for flow of oil 
into an ocean tanker was performed by King Abdulaziz Ibn Saud. Since 
that time tanker shipments have continued, both to Bahrein and to 
world markets. Only sufficient gas for camp purposes has been produced. 

Equipment.—A stabilization plant has been completed at Dhahran 
and plans have been made for a refinery at Ras Tanura. A modern 
camp is being built including power plant, central air-conditioning plant, 
radio station, employees’ club and housing facilities for both married 
and single employees. Both the offices and dwellings are being air- 
conditioned. There is a hospital, with medical staff and nurses, providing 
facilities for both Saudi Arabs and Americans. 


Manuscript received at the office of the Institute Feb. 9, 1940. 
* Assistant Chief Geologist, Standard Oil Company of California, San Francisco, 


California. 
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GENERAL PROSPECTING 


Geological activity has continued, consisting of surface field investi- 
gations, seismograph and gravity meter work, structure drilling, and 
extensive triangulation mapping. An engineering party has been assist- 
ing the Government in demarcation of the Iraq-Saudi Arab boundary. 

The well being drilled on the west coast of Qatar Peninsula by the 
Petroleum Concessions Limited (Iraq Petroleum Co.) is stated strati- 
graphically to have a similarity to Bahrein. Oil showings have been 


reported. The Kuwait Oil Co. has completed three wells at Burgan, in ~ 


the southern part of Kuwait. The production tests and size of the Burgan 
structure indicate that an important new oil field has been discovered. 
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Petroleum Developments in Venezuela during 1939 


By D. B. Wrxiams* 


(New York Meeting, February 1940) 


For the first time in the history of the Venezuelan petroleum industry 
production exceeded 200 million barrels. The total production for all 
fields amounted to 205,430,869 bbl., which is more than 9 per cent of the 
world’s 1939 total. This is an increase of over 15 million barrels or 8.0 
per cent above the 1938 figure, which, compared with the slightly less 
than 2 per cent increase of the 1938 figure over 1937, shows the marked 
activity in Venezuela during the past year. 

The Maracaibo Lake fields are still the predominating factor in 
Venezuelan production, showing an increase of approximately 914 million 
barrels over last year’s figure and accounting for 71.8 per cent of Vene- 
zuela’s total. Lagunillas continues to hold precedence as a single field, 
having yielded 47.1 per cent of the accumulative total and 34.4 per cent 
of 1939’s total. This field showed an increase of slightly more than 
314 million barrels over 1938. Tia Juana, the second largest field, 
attained a record production, increasing its percentage of the Venezuelan 
total from 23.4 in 1938 to 23.7 in 1939. The La Rosa field, which includes 
Punta Benitez and Ambrosio, declined from 13.7 to 12.0 per cent; 
Bachaquero, the southernmost Lake field, which came into regular 
production at the end of 1938, contributed over 314 million barrels. 

Quiriquire, in eastern Venezuela, ousted La Rosa as the third largest 
producing field, and, although production increased by 114 million 
barrels, percentage of the total declined from 13.2 to 12.9. Mene Grande, 
the oldest field, declined from 6.6 per cent in 1938 to 5.9 in 1939. Tem- 
blador produced for a whole year for the first time and yielded 3,647,867 
bbl. The Colon district, in the Maracaibo Lake area, comprising the 
Tarra-Los Manueles fields, showed slight increases, as also did Cumarebo 
and Pedernales. 

Construction of the 16-in. pipe line from Oficina to Puerto La Cruz 
(Guanta), the longest line of this size in the world, was completed toward 
the end of the year and this new field in eastern Venezuela started 
shipping oil in December. This field is operated by the Mene Grande 
Oil Co. and was credited with a production of 2,347,625 bbl. in 1939. 


Jusepin field, some 25 miles southwest of Quiriquire in eastern Venezuela, 


Summarized at meeting; manuscript received at the office of the Institute 
March 21, 1940. 
* Caribbean Petroleum Co., Maracaibo, Venezuela. 
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was put on a commercial producing status at the end of 1939 with the 
completion of a 40-mile 8-in. line to Caripito. This field, operated by 
the Standard Oil Company of Venezuela, was averaging slightly more 
than 6000 bbl. daily at the end of the year. 

As will be seen from Table 1, the total production of Venezuela up to 
Dec. 31, 1939, amounted to 1,886,262,443 bbl. The percentage con- 
tributed by each of the principal fields for the past six years, together with 
their total to date, is given in Table 3. This statement shows that 
although the Maracaibo Basin is still the main source of Venezuelan 
production, its percentage of the total declined slightly in 1939, owing to 
the increased activity of new fields in eastern Venezuela. 


TaBLE 1.—Oiul and Gas Production in Venezuela 


Ates Proved, Total Oil Production, Bbl. 
Year 
of 
Field Dis- 
cov- 
® ery : To End of During 
Z Oil | Gas? 1939 1939 
vA 
oe 
all : 
PB a ROBB CE wn be AS OMIGOE yo .crstoss, cele ere <ie(eictelels asta ase/oya\ele einai ateieYo 1917 | 35,545 364,921,308] 24,687,184 
THA WEA UOIDS ints on Rene CARES fe COBO SOU AL TORE map aoe te 1927 | 18,101 118,302,711) 48,758,913 
SPONTA] VERS eerste race seats fedoras ENTS aro iclee osie oa eve (aie, eveto.chayaverdio\ ste 1925 | 42,946 888,672,893} 70,600,109 
AHS ACH ACUETOneee senate Hales erste rere Vatetanw ioe cic als. 2 ole ayoreinss, 31 1930 | 16,274. 4,372,965} 3,382,620 
AME LOGAN LAKE OLAS Set = 8 closets erene lores afalctctsis glvte: dhe Aha el ofeece/siecete 112,866 1,376,269,877| 147,428,826 
RYH KAP UTERASACE OG tenets tote ooh ethan cate Ye afasetes nus cPoteie iets coke oe ho a eons 1931 500 2 24,522,412) 2,667,326 
HMI PE LW IVE ONG SIPs Se g7s Se rater. otaes tourtepecst-saahele yoeus aieinisiajenswie axoieiale 1922 1,040 21,411,082 364,763 
TMP MNEOHO COLA COSbAL is fstereice ic sree clomnvcioe cob ieci alesis. ersvesvraleiale 1927 310 851,817 : 
(MCBONE so nhetton: Rone ESE uae named ses nee One pcc errs 1913 150 1,858,415 
OT RELG MALE Ee IntaGO ui Aeten acts wie stole St lore (eistaborsiorsss,azdrtalc erslosiains she 1929 E 839,383 494,743 
TE DIMMING OL ata CORO SRO e GURBE Soe EEBOUne nnios pUrCUr aaa srt 1938 7 £ 516,116 512,296 
PDA cae COTICOPOLOM ora eysscrcccis ce alert ayaveveieiaie eteieralsiselnystete)s\stale = aisterm sire 1925 1,200 20,941,652 879,156 
La P: 1925 350 5,225,294 522,098 
r 306,158 59,506 
17,961,596} 1,708,383 
2,566,622 61,432 
209,550,623} 12,235,405 
81,822 
z 2,542,619] 2,347,625 
x 9,528 0 
x 5,382,254 1,904,963 
x SOD Teees 26,581,631 
87 
o3 39,922 39,922 
38,163,052} 3,934,083 
2 6,006,660] 3,647,867 
x 149,452 0 
be 40,591 16,245 
235,989 
137,109 24,599 
1,886,262,443) 205,430,869 


6 Footnotes to column heads and explanation of symbols are given on page 239. 
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The number of wells producing at the end of 1939 amounted to 
2488, or 169 wells fewer than at the end of 1938; producing wells in eastern 
Venezuela had increased from 232 to 269, while western Venezuela had 
declined from 2425 to 2219. Only 30 per cent of the wells were producing 
on natural flow, compared with 36 per cent at the end of 1938. Of the 
remaining 70 per cent, on artificial lift, approximately 65 per cent were 
produced on the pump. 

There was a marked decrease in activity in proven fields, as the 
number of wells drilled in 1939 amounted to 444, compared with 523 in 
1938. Table 2 shows that of the 444 completions, 409 wells were com- 
pleted as producers, 13 dry holes were drilled in proven fields and the 
remaining 22 failures were all of an exploratory nature. 


TABLE 1.—(Continued) 


Total Gas Pro- et Spe Reservoir Pres- 
duction, Millions Number of Oil and/or Gas Wells eased of sure, Lb. per Character of Oil 
Cu. Ft. 1939 Sq. In. 
s 
a 
During Number 3 
1939 Eng S08) Pot Wells 3 
Gravity 
5 | ToEnd| Duri Sm = = A.P.I. at ie 
uring | 2 ste a wo a0? F phur, 
4 lof 1930) 1939 | eS) ey |e) eels fy Initial | End of | - | weenred | Per 
5 #512 18| 0/8 |2 w | 3 1939 F : Cent 
Zz 2 2 S S| 38 Beales. ce Average 
g ge | 8 |3| 82 | 8s /83| — | Se 5 
ra SF |S |=] a2] &o |éo] & | 24 E: 
1 Z| 28,7ax | 1,262 24 7 | 390 806 | 0 180 626 | el,brr e6zz | RP 24.2 2.2 
2 z | 24,256 508 72 212 293 109 184 | el,2rz e9rr 18.2 2.2 
3 Z| 48,299 ;1,824 | 150] 9 542 743 108 635 | el,brx e9ra 16.8 2.2 
4 x 1,485 39 7 34 5 5 el,6zr | el,6rx 15.0 2.72 
5 % | 102,740 | 3,133 | 253 | 16 | 1,178 | 1,847 402 | 1,445 
6 | 18,611 1,685 103 5| 0 44 56 | 3 43 13 625 510 | PM 49.5 0.1 
7 x 191 210 89 70 70 500 0 32.6 Tr 
8 x x 27 13 z x 45.0 x 
7 x 15 10 x = 10.5 x 
10 461 213 22 11 2 7 14 5 9 150 0 26.4 z 
11 284 284 20 19 1 1 19 0 19 0 | 2,575 | 2,430 33.0 0.9 
12 x 310 104 2 44 59 4 55 x 2 35.5 
13 x 126 35 12 20 20 r F 20.5 
14 x x 9 0; 0 6 3 0 0 3 x x 32.0 0.2 
15 « 1,526 24 4 ll ll ll z E 7 31.0 
16| 5,177 130 20 ll 5| 4 5 700 25 41.0 x 
17 x 6,502 | 400 | 34 303 82 33 49 2 F 20.5 1.2 
18 2 2 % z 26.8 2 
19 x x 39 | 37 1 6 31 31 y y 33.5 y 
20 x 0 3 0} 0 3 0} 0 0 0 x x 12.5 z 
21| 3,816 1,152 15 0; 0 5 10} 0 10 0} 3,200 | 2,22 21.0 2.9 
a 44,071 | 12,190 et 14] 0 : 150 | 0 116 34 | 1,260 900 | RP 18.0 et 
2 2 
24 x z 4 0 4 0|) 0 0 0 z x 38.0 & 
25 & 1,325 98 1 33 52 5 47 x x 28.0 
26} 1,900 917 79 | 29] 38 21 58 | 0 58 0 | 1,665 | 1,622 22.0 0.8 
27 x 0 4 0; 0 4 Oy} 0 0 0 z 2 20.0 x 
28 z x 2 0] 0 2 0; 0 0 0 Ed z 15.5 z 
29 x @ 4 4 z z 37.5 z 
30 x x 8 1 1 6 1 1 E x 4] 
31 | 69,320 | 129,291 | 4,665 | 419 | 25 | 1,953 | 2,488 | 7 | 738 | 1,750 


le indicates bottom-hole pressures, 
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The map in Fig. 1 shows the location of all fields in Venezuela, as 
well as the situation of all important exploration tests. 


DEVELOPMENT IN PROVEN FIELDS 
Western Venezuela 


Lagunillas was the scene of the greatest activity during 1939 in 
Venezuela. Exploitation work was principally confined to drilling the 
southern extension of the field and fill-in wells on land. Further produc- 
tive territory was proved in the Lake and important light-gravity Eocene 
production was discovered in the northwestern part of the field. A 
number of old wells in which normal levels are depleted were worked 
over to produce from a shallower heavy-gravity oil horizon. 


TABLE 1.—(Continued) 


Producing Formation seen Fone ee 
Depth, Avg. Ft. 
Net 
be Thick- 
q Name Agee = ie ‘ Name : 
5 2 Bottoms vg. 2 oe 
im Se pst i Prod.) Pk |g ee 
2 g 8 Wells 3 BS 
a 6 le a a 
“ Mio, 
Lagunillas, La Rosa, ree val 
Be ee tooone ote f Ss2H| Por} 1,500 | 2,627 | 80-350) MFU | Hoc 8,747 
Lagunillas, La Rosa and | Mio, 1,600- 1,900- 
2| 1 ‘Bocene Boo f| 8 | Por BGs 2,960 [100-850] MIU | Hoe 4,346 
Bachaquero, Lag. La | Mio, 2, 2,270- 
Pie anes, Hoven’ Boe § | 5% H| Por} } 4300 4,400 | 80-560) MFU | Boe 5,399 
Bachaquero, Lag. and La 2,850-— ,150- 
Res. # Mio | 8s, H | Por {2't0 4°650 | 75-450| MFU | Eoc 5,152 
5 . 
6 | Damsite and Socorro Mio 8, H |Por| 600-1,400| 650-1,500} 50 AF | Mio 7,720 
7| Agua Clara Olig S, H | Por 950 1,050 50 A Eoc 5,576 
8 | El Mene series ee S| Por 730 750 36 M_ | Eoc 4,994 
ig 
9 | Guanoco shale Cre H | Fis 1,200 1,300 40 AF | Cre 4,247 
10 | Agua Clara Olig 8, H | Por 550 1,500 200 AF | Koc 4,614 
llly y S| Por 3,500 4,200 40 AM | 5,291 
12| Ramillete, Punta Gorda | Eoc Ss-H | Por} 200-2,800) 950-3,800) 200 AF | Koc 5,786 
13 | La Paz series Hoe §, LS | Por| 400-1,400) 500-2,200} 125 AF | Cre 2,290 
14 | Patiecitos Olig S| Por z 2,750 a AF | Eoc 5 aoa 
15| Sandy shale formation, | Hoc H,S | Por| 3,475-4,150 ee 400 AF | Eoc 6,260 
or ’ 
16 | Agua Clara Olig |§,H|Por] 2,200 | 3,000 | 200 | AF | Boe ‘ 5,285 
7 Saitet Tertiary Pauji | Mio, Ss,S |Por| 396-4,623} 443-5,100) 800 AF | Misoa-Trujillo 6,461 
{ shale and Misoa Trujillo} Eoc Bear 
18 | Hocene Eoe S| Por 5,860 6,097 y AF | Eoc eet) 
19 | Oficina formation Mio S| Por 4,000 6,100 | 40-300} AF |Cre Dart 
20 | Orocual Pli Ss |Por| 2,700 3,000 z z | Mio-Olig eet 
21 | Pedernales Mio Ss |Por| 5,000 6,000 z | AF |Mio |. Shee 
22 | Quiriquire Pli Ss | Por 2,000 3,000 500-800) MULC] Mio-Olig : Hae 
23 | Third Coal Horizon Eoc S | Por 1,352 1,627 60 A | Third coal horizon Pen 
24 | x : Mio §_ | Por L x x ‘i a GE 
25 {Sngy, aye Mirador | Eoc 8, H | Por 1,200 795-4,500} 800 re ’ 
coal horizon ve 
26 | Oficina Mio 8s | Por 3,875 4,000 40 MF | Mio-Olig re 
27 | Totumo horizon Pre-Mio eee Fis 2,2cn 2,360 x MF | Pre-Mio ALG 
n 
; ; aoe 1 
28 | Oficina Mio s | Por 4,200 4,350 x MF | Mio-Olig 5,06 
5 it taace and Socorro Mio Ss | Por 4,200 4,350 60 MF | Mio-Olig 6,194 
30 
31 


eee 
2s indicates soft sand. 
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Tia Juana, the second most active field in Venezuela, had 72 comple- 
tions compared with 171 in 1938. The majority of the wells were drilled 
in the Lake, where further light-gravity productive territory was dis- 
covered and proven acreage increased from 15,881 acres at the end of 
1938 to 18,101 at the end of 1939. . 

In the La Rosa area, which includes Ambrosio and Punta Benitez, 
24 producers were drilled, compared with 46 in the previous year. Opera- 
tions were confined mainly to Punta Benitez and 8850 acres of additional 
territory were proved up during the year. Repressuring work was cur- 
tailed somewhat owing to adverse results obtained. 


Drilling was discontinued in the Bachaquero field early in 1939 


after seven wells had been completed. Proven acreage was increased by 
nearly 4000 acres. It is anticipated that active development work will 
be undertaken in this field during 1940 along the shore-line concessions. 
The three operating companies in this field, as in all Maracaibo Lake 
fields, are the Lago Petroleum Corporation, Mene Grande Oil Co. and 
the Venezuelan Oil Concessions, Ltd. 


TaBLE 2.—Summary of Drilling Operations in Venezuela 


Important Wildcats Drilled in 1939 


Coordinates 
Total 
State Depth, Roe 
North «| iat ¢.|aBeorene 4 ~ 2k 
HS ADMOMEORUN 05.5. ccis;s/sfnard oroicdeia nsise Ci sce Re RG careless se sie 124,465 457,712 5,243 | Mesa 
Raj Anson tepgul ss aa,. isle «0 Ceieete satabcleree oo miata < ate aed 134,658 627,816 | # Barcelona 3,602 | Mesa 
Fi) ABROBLORUL «cfs ialess ers oyster pasate cwwintaete ccalnioipmvenianare alates 108,048 497,400 Church is 2,872 | Mesa 
AT CANZOGtOMUL. 5% «,5-.,bidcionieicstules aban ede a cam aeeta ait 112,636 468,275 N. 300,000} 2,884 | Mesa 
Bll Angoategut cc -.ci lsc siscinngictinarer catenin eae out 111,560 | 504,412 E. 500,000 | 2,843 | Mesa 
Gm PAMSOA GEE) 5..15 <i states cicieraicre a faladta re telBievaete Meee ec 96,464 452,765 1,070 | Recent 
Mi MGR AMAGUEO, poeta cdhiacesiac AP a cla emate eee sis a 185,395 220,912 | Tucupita! 4,288 | Recent 
8 | Falcén La Velat 3,023 | Recent 
1g 3,728 | Recent 
40 Barcelona 3,270 | Pleistocene 
11 Church 1,480 | Recent 
4 ‘ 1,392 | Recent 
2 Maturin! 8,282 | Mesa 
* Maturin! ges — 
3,700 esa 
16 Bareelona | 3/866 | Mesa 
17 3,413 | Mesa 
18 3,701 | Cretaceous 
19 : 7,930 | Recent 
20 Maracaibo | 10,302 | Recent 
21 Cathedral | 8,810 | Eocene 
22 origin is 8,610 | Eocene 
23 0-0 2,686 | Cretaceous 
24 8,3: Eocene 
25 3,906 | Eocene 


1 Origin is: N. 200,000, E. 200,000. 


In spite of reduced activity in the Mene Grande field, production was 
maintained at the same level as in 1938; 34 wells were completed as 
compared with 51 in 1938. Three deep tests were drilled, but only 
one of these encountered oil in small quantities. This is the oldest field 


in Venezuela and has produced 11.1 per cent of the total oil recovered 


to date, but its present proportion is only 5.9 per cent. 


si a i i i i ia a aaa lis at aaa ie ate aia titi 


oN 
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In the Colon district, southwest of Maracaibo Lake, 10 wells were 
completed; 6 in the Tarra field and 4 at Los Manueles. The latter field 
showed an increase of more than 350,000 bbl. over the year, while Tarra 
also showed a slight gain. A deep test is now in progress to ascertain the 
possibilities of obtaining Cretaceous production in this Eocene field. 

Drilling was recommenced in La Concepcion field and at the end of 
the year a deep test was being drilled. Production in this field, as well 
as in its neighboring field, La Paz, declined somewhat during the year. 

El Mene, Media and Las Palmas, in the northeastern part of the 
Maracaibo Lake Basin, continued to show a decline in production, and 
the only drilling in this area was confined to the Hombre Pintado field, 
where 11 producers were completed and production increased from 
134,035 bbl. in 1938 to 494,743 bbl. in 1939. All the oil recovered from 


. these fields is pumped through the British Controlled Oilfields Ltd. pipe 


line to Altagracia on Maracaibo Lake. 
Although only five wells were completed in the Cumarebo field, pro- 
duction increased 286,844 bbl. over the preceding year. The productive 


limits of this field have now been defined, and the one exploratory well 


TaBLE 2.—(Continued) 


Important Wildcats Drilled in 1939 


Initial Production or Results 
Deepest 
Horizon Drilled by ; Remarks 
pee v.gip, | Gas Millions Cu. Ft. 
1 | Cretaceous Socony-Vacuum Oil Co. | Dry Abandoned Carrizal No. 1 
2 | Miocene Ven. Oil Dev. Co. Ltd. Hvy. Tar | Abandoned. Non-commercial Cerro Negro No. 4 
3 | Cretaceous Standard Oil Co. Ven. ry Abandoned Hato Viejo No. 1 
4 | Cretaceous Socony-Vacuum Oil Co. | Dry Abandoned San Diego No. 1 
5 | Cretaceous Standard Oil Co. Ven. Abandoned Santa Clara No. 1 
6 | Mio-Olig. Socony-Vacuum Oil Co. | Abandoned Suata No. 3 
7 | Cretaceous Standard Oil Co. Ven. Abandoned Indios No. 1 
8 | Mio-Olig. Standard Oil Co. Ven. Abandoned Quiragua No. 1 
9ly Socony-Vacuum Oil Co. | Abandoned Altamira No. 1 
10 | Pre-Cretaceous| Caracas Petroleum Shows asphalt: not tested El Machete No. 1 
ll jy Socony-Vacuum Oil Co. | Abandoned Iguana No. 1 
12/y Socony-Vacuum Oil Co, | Abandoned Iguana No. 2 
13 | Cretaceous Standard Oil Co. Ven. Dry Abandoned Aceital No. 1 
14 | Miocene Standard Oil Co. Ven. Dry Abandoned | Camorra No. 1 
15 | Cretaceous Ven. Oil Dev. Co. Ltd. Hyvy. tar Noncommercial. Abandoned Cerro Negro No. 1 
16 | Cretaceous Ven. Oil Dev. Co. Ltd Hyy.tar | Noncommercial. Abandoned Cerro Negro No. 2 
17 | Cretaceous Ven, Oil Dev. Co. Ltd. Hvy. tar Noncommercial. Abandoned Cerro Negro No. 3 
18 | Cretaceous Ven. Oil Dev. Co. Ltd. Dry Abandoned Alquitrana No. 1 
19 | Miocene Caribbean Petr. Co. Dry Abandoned Mene Grande (MG-386) 
20 | Eocene Lago Petr. Corp. Dr Abandoned Motatan No. 1 
Q1iy Ven. Oil Conc. Ltd. In progress Pica-Pica No. 1 
22 | Cretaceous Colon Develop. Co. Ltd. | In progress Tarra (T-99) 
23 | Cretaceous Colon Develop. Co. Ltd. | Dry Abandoned San Miguel No. 1 
24 | Eocene Ven. Oil Conc. Ltd. Dry Abandoned Sibucara No. 3 
25 | Eocene Ven. Oil Conc. Ltd. Dry Abandoned Sibucara No. 4 
Miser ee ee 


In Proven Fields 


Wildcats 


Number of wells drilling Dec. 31, 1939. ....... 02... .0 252 eeee eee e seen reese 41 8 
Number of oil wells completed during 1939..........-. 0.00.05 +0seeeeesseees 406 
_ Number of gas wells completed during 1939............-..+-+0sssesseeeeeee A oe 


Number of dry holes completed during 1939 
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drilled to the southwest of the field proved a failure. Gas is still being 
returned to the reservoir for pressure maintenance, with excellent results, 
owing to favorable structural conditions. This field has the largest 
recovery per acre in Venezuela and yields crude of the lightest gravity, 
which now averages 49.5° A.P.I. 


Eastern Venezuela 


The Quiriquire field produced 76 per cent of the total production of 
eastern Venezuela, yielding over 2614 million barrels, which is a slight 


increase over last year’s total. During the first half of the year, 14 new 


wells were brought into production, after which drilling was temporarily 
discontinued. Repressuring work for pressure maintenance is still being 
continued in this field. 

Six strings were operated in the Oficina field throughout 1939, result- 
ing in the completion of 37 producers and one failure. This field, the 
most active in eastern Venezuela, was placed on a shipping basis at the 
end of 1939, but the earlier completion of large storage facilities enabled 
the Mene Grande Oil Co. to produce 2,347,625 bbl. During December 
production averaged slightly more than 25,000 bbl. daily. There are 
many sands, which range in gravity from 17° to 40° A.P.I., and in some 
instances two of the sands are produced in the same well. 

Temblador was the second most active drilling field, with 29 producers 
completed. Three failures were registered, and confirmed the fact that 
production can be expected only from a narrow strip extending some 30 
km. This field commenced shipping oil early in 1938 and production 
was increased from 2,295,143 bbl. to 3,647,867 bbl. in 1939. 

Jusepin crude was first shipped from Caripito in November. During 
the year 19 wells were completed, only one of which was a failure. 


TABLE 3.—Percentage of Total Venezuelan Production from Major Fields 


Year 

Field To . 
Date 

1934 | 1935 | 1936 | 1937 | 1938 | 1939 
LT MROSG Me tex hit wren areas 16.9.) 1425) 13.7 1 1378 1.137 |) 12 -Onieio as 
Ta AT ere te Oe eh le TA 2380 4F 1 23.00 6.3 
MAAS Sea Metithe, «5 watceelan aoe 53.1 | 54.5 | 55.4 | 45.2 | 35.3 | 34.4 | 47.1 
Total Lake fields.............| 69.9 | 69.1 | 69.1 | 78.1 | 72.9 | 71.8 | 73.0 
Mone Granderet ainsi vo LOMO. 4c ONO. Tet 6.6 5.9/1 
QUNIGUITGAs vr can i ee TL LURL Loe On mLse Ol ale 13.2 | 12.9 | 8.0 
TAT asthe anced ah nes Wee QT 2.7 2.2; (1.7 2.0 1,9: |/<2220 
CUM ETED Ose nuiecitecirrehe i Reale Pee Oe tee 1.8 1.4 Las 1.3 Ihe) 
Témbladora.wee detec tesa 1.2 is 0.3 
Oficina cai Medes GRAS. Ost Lael 0.1 
OAC ee, a | ete hon 3.5} 2.5) LOay 2.15) 48340 Sosa 


a 
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This new field has produced half a million barrels of 33° A.P.I. gravity 
crude to date. 

No further drilling was undertaken at Pedernales, but the 10 flowing 
wells were able to maintain production at the same level as in 1938 and 
showed the largest recovery per well in Venezuela. 


EXPLORATION WorK 


The reduction of drilling in proven fields was offset to some extent 
by the greatly increased amount of exploratory work done in 1939, 
which surpassed that of any previous year. Although no new fields were 
discovered, considerable geological knowledge was obtained, which should 
help future work of this nature. Table 2 shows the most important 
wildcat wells drilled during the year. 

In western Venezuela, in addition to the wildcats listed, a number of 
outstepping wells were drilled in producing fields, which extended the 
proven territory at Punta Benitez and Tia Juana. ‘Two failures were 


TaBLe 4.—Fxports of Crude Oil, Venezuela 


Barrels Exported 
Field 
In 1937 In 1938 In 1939 

eee 2 es 20,914,111 | 41,681,487 | 50,097,259 
“ose Shy ed a a meaner 24,931,934 | 25,872,473 | 23,963,264 
Dacunillas.........,..-.5+++..2+6.2..+-], 81,876,237 | . 65,136,018 | 69,277,362 
Per CHIACICLO mates aktettche tienen shes «(fetes er 637,854 3,036,263 

Total Bolivar coastal fields............| 127,222,282 | 133,327,832 | 146,374,148 
El Mene, Media, Hombre Pintado and 

HAM AIMS ty baits cere syrah te censuses bh 680,203 551,579 822,371 
PER WONCeCPCIOM Me nlaccm ct eet mats rect 1,034,340 844,493 842,669 
TL, TEENA Soo Bee ore Re Gate Goatees Ne ei 256,021 793,686 554,398 
Wie eR TAN d Ot: tia teen Snes oe 10,142,946 7,768,101 | 10,625,158 
Tarra and Los Manueles................ 4,215,269 5,057,804 5,433,386 

Total from Maracaibo Lake........... 143,551,061 | 148,343,495 | 164,652,130 
Cumarebo (Central Venezuela).......... 2,552,097 2,600,567 2,659,314 
Ipecleriales ee eeten wet iarceu ts «bacwesen Sota 1,155,547 1,830,276 1,934,484 
PRUE MUG ent arid ne vag gp ose © oe ho + ye os 23,959,215 | 24,122,867 | 23,352,197 
"avaul] ol EG heres Sin See ieee ere a ie cries. 1,912,304 3,084,281 
(OUECIID a cetec: adorn Billoo gene vo Rea 875,066 
PRE PIN Re a litres teeth ty a Pe ae Ses 333,272 

Total Eastern Venezuela..............| 25,114,762 | 27,865,447 | 29,579,300 
Grand total, Venezuela................- 171,217,920 | 178,809,509 | 196,890,744 


OE 
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registered at Sibucara, near Maracaibo, one at Alquitrana in Tachira 
and another in the Colon district near the Colombian boundary. 
Motatan No. 1 created a record for deep drilling in Venezuela, but was 
abandoned as a dry hole after reaching 10,302 feet. 

An extensive wildcatting program is still in progress in eastern 
Venezuela. Six exploration tests were completed in Anzoategui, five in 
Monagas, four in Gudrico and one in the Delta Amacuro, with negative 
results. At the end of the year, in addition to tests being drilled at El 
Roble and Santa Ana by the Standard and Gulf companies, respectively, 


the Texas Company had bottomed Caritos No. 1 at 7098 ft. in Monagas 


and was drilling on Rincon 1 at 7980 ft. The Socony Vacuum was drill- 
ing Pariaguan 1 and Guario 1 in Anzoategui. Guayabo No. 2, in central 
Guérico, was drilling at 6219 ft. by the Guarico Oilfields (Venezuela) Ltd., 
and a shallow test was also being drilled on the Island of Cubagua on the 
northern coast of Venezuela. 

In Central Venezuela a failure was recorded by the Standard of 
Venezuela on Quiragua No. 1, immediately southwest of the Cuma- 
rebo field. 


Exports 


Shipments of crude oil during 1939 increased more than 10 per cent 
over those of 1938. Table 4 shows comparative exports from the various 
shipping fields for the past three years. Almost all fields register gains. 
Quiriquire, Tia Juana, and shipments of La Concepcion and La Paz 
crude from Punta Piedras near Maracaibo dropped off slightly. The 
Oficina and Jusepin fields commenced shipping oil during the past year, 
while Bachaquero and Temblador were on a shipping basis for a com- 
plete year for the first time. 

Lake Maracaibo exports registered an increase of over 16 million 
barrels, while eastern Venezuela showed an increase of nearly 2 million 
barrels. Total exports amounted to 196,890,744 bbl., an all-time 
record for Venezuela. 


‘REFINERIES 


The throughput capacity of refineries in Venezuela was more than 
doubled during the past year. The Caribbean Petroleum Co. com- 
pleted a new still at San Lorenzo and increased capacity of this refinery 
to handle a crude throughput of 28,000 bbl. per day. At Caripito, in 
November, the Standard Oil Company of Venezuela completed the 
erection of a new Visbreaker cracking plant, which has a throughput 
capacity of 31,000 bbl. daily. The Cia. Petroleo Lago also erected 
an additional still, capable of treating 5000 bbl. of light crude daily, at 
its La Salina refinery. On completion of the latter unit the old topping 
plant at La Arriaga, Maracaibo, was taken out of commission. 


= 
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Chapter V. Refining 


Review of Refinery Engineering for 1939 


By Wa.rer Miuier,* Memper A.I.M.E. 
(New York Meeting, February 1940) 


Tuer focus of attention during 1939 was on increasing the octane num- 
ber of gasoline. The “octane race”’ resumed full swing. The average 
octane number of house-brand gasoline by the end of the year had easily 
reached two numbers higher, with several companies in the field actually 
purveying house-brand gasoline of 78-80 ‘‘research’”’ octane number, 
equivalent roughly to from 74 to 77 A.S.T.M. octane rating, compared 
with the 70 A.S.T.M. ceiling of two or more years ago. 

Whether this trend toward much higher octanes is the result or the 
cause of the many technical developments in the motor-fuel field of recent 
years, progress has really been startling. In addition to the advance in 
catalytic cracking and catalytic re-forming, other important contributions 
to the technical ability to produce higher octane values include: installa- 
tions involving increased capacity in thermal re-forming, with improved 
economic status both as to yields and octane number, by coupling with 
catalytic polymerization; more widespread adoption of catalytic and 
thermal polymerization, and a surge toward extensive installations of 
newly developed alkylation processes for making iso-octane, neo-hexane 
and other high antiknock products; and greater use of improved desul- 
phurization processes, and application of superfractionation methods for 
segregation of practically pure hydrocarbons with superior octane 
qualities from gas and highly volatile liquids. 

The approaching of practical limits in the use of tetraethyl lead (the 
well-known “‘law of diminishing returns’”’ coming into the picture at the 
higher octane levels being approached) has given impetus to development 
of the methods listed above. In particular, processes that improve the 
octane rating and also increase ethyl lead sensitivity have had consider- 
able study during the year. 


CaTALyTIc RE-FORMING 


Although the interesting report on the Houdry catalytic cracking 
process presented at the annual meeting of the American Petroleum 


Reprinted from Mining and Metallurgy (January 1940). 
* Vice-president, Continental Oil Co., Ponca City, Okla.; Chairman for Refinery 
Engineering, Petroleum Division A.I.M.E. 
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Institute in 1938 did not mention the possibilities of catalytic re-forming 
of low-octane gasolines and naphthas to high octane, one of the rival 
groups fostering catalytic cracking announced in the early half of 1939 its 
readiness to build catalytic re-forming units. At this year’s annual 
A.P.I. meeting the Houdry group announced and described a method of 
catalytic re-forming developed by them, and stated that prompt installa- 
tion of a total of 25,000 bbl. daily capacity was to be made in this country 
and abroad. <A 7000-bbl. unit to be installed by the rival group men- 
tioned above has been announced for the large Texas City plant of the 
Pan American Refining Co. Conversion of equipment previously used 
for hydrogenation by the Standard of New Jersey at its Bayway, N. J., 
refinery to “‘hydroforming,” the name by which this other re-forming 
method is known, has almost been completed. Projects for hydroforming 

installations by various companies, totaling another 25,000 bbl. or more, 
are under active consideration. Products highly sensitive to lead, with 
good road performance and availability for finishing to aviation gasoline, 
are some of the advantages claimed for catalytic re-forming over the 
older methods. 

The program for building $35,000,000 worth of catalytic cracking 
plants, announced last year by Socony-Vacuum and Sun Oil, each part 
owner of the Houdry process, is going along at a good pace and probably 
will be completed in 1940. No additional commercial installations of the 
process have been announced by these companies, nor have any actual 
or proposed installations of other catalytic cracking methods been made 
known. The greater general interest apparently is with catalytic re-form- 
ing for the present. 


POLYMERIZATION 


Thermal polymerization continues to be practical only on a compara- 
tively large scale with a cheap supply of raw material available in the form 
of propane and butane, with little constructional activity evinced. 
Catalytic polymerization, after earlier experience proved its practicability 
and profitableness in small as well as large units, was installed in many 
refineries. Something over 50 units, most of them of the catalytic type, 
are carrying on polymerization operations today. Catalytic polymeriza- 
tion lends itself particularly well to combination with re-forming, adding 
several per cent to the liquid yield and increasing the octane gain, but 
is not applicable to catalytic reforming because of the leanness of the 
gas produced by the latter, hydrogen predominating. 


ALKYLATION 


Extensive application of ‘‘alkylation,” the combination of an unsatu- 
rated with a saturated petroleum-gas molecule to form a fully saturated 
liquid compound, was one of the outstanding developments of the year. 
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Some incidental alkylation undoubtedly takes place in thermal polymer- 
ization operations, but the desirability of producing such highly efficient 
antiknocking hydrocarbons as the neo-hexane announced commercially 
by Phillips Petroleum Co., as well as iso-heptane and iso-octane, has led 
to the development of both thermal and catalytic processes in which 
alkylation is the principal rather than incidental feature. Pressures of 
4000 to 5000 lb. are used in thermal alkylation, and the catalytic action 
of 98 per cent sulphuric acid at comparatively low temperatures and | 
pressures upon preferably closely fractionated compounds of the types to 
be alkylated brings about the desired result along that route. It has been | 
largely the octane needs of aviation and the higher prices it could afford to 
pay for high-octane material that has spurred much of the foregoing 
development, but increasing application to motor gasoline is indicated in 
some of the predictions of rapidly rising octane ratings for automobile 
fuel. These bring to mind the statement frequently heard that the needs 
of this year’s airplane motor become the requirement of next year’s 
automobile motor. Although not literally true, it is frequently close 
enough to actual development for the refinery executive and engineer to 
keep in mind at all times. 

Catalytic dehydrogenation for the preparation of unsaturated material 
from saturated gaseous hydrocarbons as a step in the production of iso- 
octane, long investigated and experimented with, flowered into approach- 
ing commercial status. Universal Oil Products Co. announced in a paper 
at the A.P.I. meeting that construction was starting on three plants with 
a combined charging capacity of 3000 bbl. per day from which will ulti- 
mately result 2200 bbl. per day of iso-octane, according to the statement. 


DESULPHURIZATION 


The foregoing processes generally have to do with increasing the anti- 
knock quality of motor or aviation fuels through the manufacture of 
products having an intrinsically high octane rating. Reasonably high 
response to addition of tetraethyl lead exhibited by some of these newer 
products stimulated increased interest in increasing the lead sensitivity 
of fuels otherwise unsatisfactory in this respect. The high sulphur 
content of many gasolines adversely affected both the octane number 
and the responsiveness to tetraethyl lead addition. The difficulty and 
expense of adequately reducing the high sulphur content of a considerable 
proportion of the gasoline produced in various parts of the country have 
been a deterrent. The low-temperature, quick-contact sulphuric acid 
treatment embodied in the Stratcold process has gone through consider- 
able improvement, resulting in lower installation and operating costs, as 
a result of the experience of the last two or three years, and is now in use 
to the extent of 90,000 bbl. of daily charging capacity. Catalytic re-form- 
ing will also play a part in the desulphurizing picture, as excessive sulphur 
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is easily removed by catalytic treatment. In situations where octane 
improvement by re-forming is needed in addition to sulphur removal, 
catalytic re-forming seems to offer a good solution, since even cracked 
naphtha can be so treated under some conditions to advantage. 

Other methods of desulphurization include the Houdry vapor-phase 
treating process, included as part of the 1938 A.P.I. paper on the Houdry 
process, in which gasoline vapors are passed over catalysts of acid-treated 
clays containing oxides of the heavier metals, manganese and nickel; and 
a process described by Schultz and Alden at the 1939 A.P.I. meeting, 
involving the bringing of vaporized oil into contact with a bauxite catalyst 
at temperatures of 700° to 750°F. 

Use of “‘bottled gas’’—liquefied propane, butane, pentane and mix- 
tures—continued to expand with the effect of justifying more refinery and 
casinghead plants in providing equipment for segregating and making 
these products available. The expansion of use in automotive engines 
was not as great as it would have been had the distribution problem 
been as well worked out in other states as in California. The necessity 
for carrying refills of the fuel, or maintaining their own depots of bottled 
gas supplies, limited the increased applications chiefly to the larger truck- 
ing companies. Interesting also is the fact that the combustion qualities 
of the fuel show a decided advantage in providing smoother engine 
operations at high loads in heavy-duty oil-well drilling engines, in their 
activities for making more petroleum products available. 


Diese, FUEL 


The continual increase of high-speed Diesel-engine applications in 
various fields as heavy-duty prime movers is swelling the demand for suit- 
able fuels each year. Lack of uniformity in specifications and quality, still 
a serious question despite some worth-while efforts toward standardiza- 
tion, bedevils the refiner in attempting to supply a product that will 
cover a wide field and have broad acceptance. The trend in quality was 
toward a more closely fractionated fuel approaching kerosene in charac- 
teristics and having the special requirement of adequate cetane number 
and a degree of lubricating value, as well as being completely free of for- 
eign matter that would abrade the closely fitting fuel pump. Far from 
being a low-cost by-product, such Diesel fuel is a material requiring 
extreme care in selection and refining, involving appreciable manufactur- 
ing costs. 

Additions of chemical agents designed to increase detonation of 
Diesel fuel were studied in the effort to improve the operating chacteris- 
ties of less satisfactory fuels, but the high price of the available “‘dopes”’ 
limits their use. Another factor affecting the cost of Diesel fuels is the 
action of many state legislatures in placing a tax on Diesel fuel used in 
automotive equipment. This movement has gained momentum to such 
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a degree that fewer than ten states today do not tax Diesel fuel in some 
way or other, thereby reducing its price advantage over gasoline. 


LUBRICANTS 


From the standpoint of new progress in manufacture of lubricating 
oil, 1939 offers little of note. Solvent refining installations totaling 
about 10,000 bbl. daily capacity were made during the year, and a com- 
petent authority estimates that the various solvent-treating installations 
in this country now approximate 70,000 bbl. daily capacity. This figure 
must come fairly close to the saturation point. In few plants is 
solvent-treating yet to be adopted or existing installations augmented. 
(The same authority estimates approximately 32,000 bbl. of capacity 
installed in countries outside of the United States, giving a round 
figure of 100,000 bbl. of total daily capacity for the world.) 

Use of additives to improve characteristics of lubricating oil was more 
widespread in the common effort to solve the problems of oxidation of 
motor oil and the troublesome ‘“‘lacquering”’ of engine parts that has 
developed with the increasing temperatures and speeds, and the closer 
clearances of the modern automobile engine. The problems were by no 
means solved, but progress was made. 


Wax 


No solvent-dewaxing installations of any size were reported. The 
rather significant drop in wax production from 1937 to 1938 of about 
86,000,000 lb., or 16 per cent, stayed in effect through 1939, this year’s 
production holding approximately even with 1938. This lends support 
to the hypothesis that the replacement of the older dewaxing equipment 
by solvent dewaxing has to an extent involved diverting the wax into 
charging stock for cracking stills instead of permitting it to be finished 
into paraffin wax. Although apparently the lower rate of production 
during 1938 was almost sufficient to take care of the demand, stocks 


decreasing about 16,000,000 1b.—export increases of between 40,000,000 — 


to 50,000,000 during 1939, in the face of only a small increase in produc- 
tion, effecting over 50 per cent decrease in stocks—brought about an 
unusual rise in prices and made current wax production more profitable 
than for years. 


DEVELOPMENTS IN Use oF PETROLEUM 


As a raw material for chemical manufacture, petroleum continues to 
gain greater interest. The most outstanding commercial development 
was the completion of an ethyl chloride manufacturing plant by the 
Ethyl Gasoline Corporation at Baton Rouge, La., utilizing refinery gases 
from the Standard of Louisiana plant and yielding a base material for 
use in preparing tetraethyl lead. Also important was the installation 
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of an ethylene glycol manufacturing plant by the duPont interests in 
West Virginia. Possibly a new chemical field was opened in another 
direction by development of nitration as applied to petroleum hydro- 
carbons by the Commercial Solvents Corporation. 

Great general interest has been shown also in learning more about 
the components of petroleum, marked by active work on the A.P.I. 
hydrocarbon research project at Ohio State University, begun in 1938 
for the purpose of preparing gasoline-range hydrocarbons and examining 
them for engine-combustion characteristics and physical and thermal 
properties. This research complements work being done by the National 
Bureau of Standards and numerous other laboratories, public and private. 
Results are expected to have commercial application, probably leading 
to the segregation of hydrocarbons with desirable characteristics for such 
purposes as motor fuels, chemical raw materials, and solvents. 

Important to the refining industry was a U.S. District Court decision, 
a decision that has been accepted without an appeal hearing, holding 
that the Gray process patents for vapor-phase clay treating are valid. 
In another interesting case a U. S. Circuit Court of Appeals ruled after a 
second rehearing that a patent on auxiliary or “sidestripper’’ bubble 
towers is invalid. Unless the Supreme Court on appeal should reverse 
this decision, such auxiliary towers can be freely used by the industry. 

Certainly 1939 was an internal-combustion-motor-fuel year with 
emphasis along automobile and aviation lines, with decided improve- 
ments increasing antiknock quality. 
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